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CHEMICAL DIVISION, 
Washington, D. C., April 22, 1884. 


SiR: I have the honor to submit herewith a report on the results of 

Investigations of ‘“ The Northern Sugar Industry.” 

This report contains the work of this division during the past year on 

rehum and sugar beets, and such other reliable data on the same sub- 

cts as could be collected from different parts of the country. 

foes: Bepecitally, 

« H. W. WILEY, 
Chemist. 


“Hon. GEORGE B. LORING, 
Cee soier 


pag 
1S ee he 


“r™ 
; 


ie PGi 


ae 


Pe MOR VHMRN SUGAR INDUSTRY. 


It has been nearly thirty years since the introduction of the sorghum 
plant into this country. 

Under ordinary conditions this would have been ample time to de- 
termine whether it could be used with success as a sugar-producing 
plant. But unfortunately the methods of investigation which have 
been practised have been disjointed and desultory. 

It is true that a great deal of valuable work has been accomplished. 
Many investigators have employed their time and patience in solving 
some of the many problems which envelop and confuse the question. 

I should feel that I had neglected my duty were I to refuse to these 
able and industrious men due praise for the value and excellence of 
their work. In spite of all this, however, the interesting fact remains © 
“that after thirty years of work the total amount of sugar made from 
sorghum cane during the past year was not quite one million pounds.” 

The sorghum problem Nae itself under two distinct heads, viz., 
scientific and economic. 

To the pure scientist the question is only one of constitution and best 
method of determining it. To the pure economist, on the other hand, 
_the question is one of finances and the best method of making money 
out of the investment. | 

A fair discussion of the subject must embrace both of these points. 
But since the work of my division has been purely experimental, this 


report will deal chiefly with the first. 
The sorghum cane is known in this-country under a great variety of 


names, but, botanically these all belong to the same species. 

Among the hundreds of sugar-producing plants only four are prac- 
tically employed for sugar production, viz., the maple, the tropical cane, 
the sugar beet, and sorghum. 

The tropical cane is the richest in sugar of all these. 

The maple and sugar beet are best suited to high temperate latitudes, 
while the sorghum seems destined to claim the middle temperate zone 
for its own peculiar field. 

It has, however, certain varieties, like the Amber, which reach matur- 
ity in a wonderfully short time for a sugar-producing plant. I do not 
doubt but that by wise and careful selection the time required for 
ripening may be materially shortened. 

It thus appears that the belt of country suitable to sorghum culture 
may become quite a wide one. It should be remembered, however, that 
Bont 9 
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this belt should be bordered by lines of isothermacy and not by paral- ; 
lels of latitude. 

In discussing the geographical limits of sorghum culture it has been 
usual to say that they are the same as for maize. This is both true and 
false—true in that the early varieties of sorghum will grow as far north 
as our corn, and the late ones as far south; false in the assumption that 
the mere growing of sorghum is enough to insure success in making 
sugar from it. Not only must there be time for growth but also for 
manufacture. The effect of cold weather on sorghum cane may be 
summarized as follows: 

(1.) A frost severe enough to kill the blades of immature cane will 
. spoil it for sugar-making. 

(2.) Such a frost on ripe cane will not do it any notable injury. 

(3.) A frost severe enough to congeal the water in the cells of the 
cane will render it unfit for sugar-making immediately on the accession 
of thawing weather. To determine the length of the working season, 
therefore, is to know (1) the time of ripening of the cane, 7. e., when the 
seed is hard, and (2) the time when the first severe frost is likely to 
take place. : 

I have often seenit stated that Early Amber cane in the North ripened 
its seed in 90 days, and I do not wish to place myself in the attitude of 
doubting these statements. 

They are, however, not in harmony with my own observations. How 
many in latitude above 42° have ever seen whole fields of Amber cane 
with hard seed in 90 days after planting? Single heads, doubtless, 
often, but whole fields seldom. I am inclined to think, then, 100 or 110 
days are more likely to be the proper time for beginning operations at 
the mill. 

It is wrong to take a few extreme instances and make a general law 
from them. Such generalizations always lead to harm and often cause 
the innocent to suffer. I will not try to fix the other limit of the work- 
ing season, 1. é., the time of the first freezing of the cells. In the lati- 
tude of Chicago it will probably be found not far from the middle of 
October, taking a series of years into calculation. Thus, I find the 
working season in these latitudes limited to four or six weeks, and this 
is a point which must be taken carefully into consideration. 

In length of working season the beet appears to have a great advan- 
tageover sorghum. As is well known, the beet is harvested before any 
freezing weather and put in silos. Here it is kept during the winter 
months, or until it is sent to the mill. If the temperature of the silos 
is kept low enough the beets will retain their sugar until the following 
spring. Beet-sugar factories in Europe sometimes keep running until 
March or April. 

The advantage of keeping the machinery in use for as long a time as 
possible is one which will be keenly appreciated by every manufacturer. ' 
The cost of a sugar-factory plant is very great. Machinery is injured 
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more by idleness than by use. The shortness of the working season, 
therefore, becomes a difficulty the most serious to the success of the 
sorghum business. 

Is it possible to preserve cane in a silo in the same manner as beets? 
I have tried to answer this question by a simple experiment. On the 
12th of November, 1883, I put one ton of sorghum canes in a pit on the 
- grounds of the Department of Agriculture, in Washington. The pit 
was made by digging a shallow ditch. The canes were placed in this 
and covered with earth. 
_ Numerous analyses of juices of canes similar to those preserved 

showed sucrose (about) 9 per cent.; other sugars (about) 3 per cent. 

On the 19th of November a deep-soil thermometer was placed in the 
silo, so that its bulb was in the midst of the canes. This was done to 
compare internal and external temperatures, and detect any tendency 
to “heating” which the canes might show. Daily observations were 
taken of the two thermometers until December 12, on the night of 
which, unfortunately, the instrument was stolen. Following are the 
results of those observations: | 


Comparison of internal and external thermometers in sorghum silo from Navember 19 to 
December 12, inclusive. 


[Time, 10 a. m.] 


| 1 
| | Internal External ae 
Date. | Seninenietbe: |. thecmometer, Condition of weather. 
eee = 
| |  ©Fahr. oFahr 
| Nov. 19 | 38. 5 41 Rainy. 
| 38.5 56 Do. 
21 | 38. 5 Not taken. Do. 
22 46 66 Very warm and cloudy. 
23 | 52 65 0. 
24 | 57 59 Cloudy. 
25 59 50 Do. 
26 58 48 Rain 
27 57 42 Fair 
28 54 43 Do 
} 29 50 37.3 Do 
30 47 42.7 Do 
Dec. 1 47 39 Do 
2 46.5 50 Do 
3 46 35.3 Do 
4 44 40 Do 
5 | 43 48.5 Do 
6 44.5 44,9 Do 
7 44. 25 42.2 Cloudy 
8 AG eRe ide elk creel certs uals oes oO 
10 | 46 46.5 Fair 
11 46 43. 6 | Do. 
12 | 45 45.9 | Cloudy. 


I think it is highly important that the temperature of the silo should 
not rise above 50° F. | 

The week of warm weather beginning on the second day after the 
commencement of the observations brought the temperature of the silo 
to a maximum of 59° F.; but this was not reached until three days after 
the maximum of the external thermometer. In all cases the changes of 
temperature in the silo were gradual as compared with those of the ex- 


8 | NORTHERN SUGAR INDUSTRY: 


ternal thermometer. This slowness of change of temperature is es- 
sential to the preservation of the sucrose in the juice. 

On the 14th of January, 1884, the ground being then frozen, the silo 
was opened and a bundle of canes taken out. Following are the results 
of the examination : 


ANALYSIS OF CANE FROM SILO JANUARY 14, 1884. 


Percentage of juice expressed . 2... o-. ee seeiee oe ee lee 68.9 
Specific gravity, 6° B= -:-.-.---2.- seebhee bide cgi co. rrr 1. 057 
Percentage of sucrose 22.00.56... 555 32% bce ne wee oe ne oe or * 8, 39°: 
Percentage of other sugars): <<... 2525.6 aise lewices ee n ool ee err 2. 36 


The next analysis of the cane from the silo was made February 27, 
1884. At this time the winter was practically over, and the results of | 
this analysis show that the cane had been kept with a loss of only a 
small portion of its sucrose. 


ANALYSIS OF CANE FROM SILO FEBRUARY 27, 1884. 


Percentage of juice expressed .-s225 2.22.2 22 -- oe enc cee eee aes oo oe 
Specific praviby .. 2... 0f22 see ae eee eee be San 5 cece See eee ae er 1. 057 
Percentage Of sucrose 2-2 =e eee el pea decd Jee 7. 00 
Gercentage of other sugars 227 222-2. -- 22 <2 ae 2 ee 3. 13 


These experiments are interesting in that they show the possibility 
of preserving canes in this way. It is, however, a question of practical 
importance to know if such a method of preservation would be useful 
in preserving cane for manufacturing purposes. This question, how- 
ever, could only be answered by conducting the experiment on a large 
scale in connection with a sugar factory. Ishall also try planting some 
of these canes in the spring, and notice the character of the crop whieh 
grows from them.* 

Since undertaking the above experiment I have learned that sorghum 
is preserved in silos in Japan. Following is a report of Consul-General . 
Van Buren on this subject: | 

The sugar of Japan is made from that species of the sorghum plant known as the 
Chinese sorghum. It grows luxuriantly in all the southern portions of the Empire 
north of the thirty-sixth degree of north latitude. . : 

The whole product of the Empire in 1878 was 64,297,380 pounds. Importation in 
_ 1878 was 67,434,805 pounds. For three or four hundred years the processes of granu- 

lating and refining sugars have been known and practised. Sorghum is not grown, 
as with us, from the seed, but from cuttings. In September selected stalks are cut 
and buried in trenches a foot deep. Through the winter from each joint of the stalks 
sprouts grow. In the spring these joints are cut off and set out in rows 15 to 18 
inches apart, and about the same distance from each other/in the rows. The ground 


* The last examination of the siloed cane was made April 1, 1884. Results: 


Weight of cane pressed, kilograms. 35¢22 5 ccccc nets <2 es nie cone ela eee (7.53 
Per centage of juice expressed. ........-....-...-- Jed seh eee 73. 81 
SPecihic. STAVILY. -< «<n cic nmin ae pe omen: vanielel be qaleb ea wn epi a eee ee oe er 1.05— 
Percentage Of SUCTOSO . oo aed 522 oie =< 5.0 2 aleiaeeiieie wien is on nieipinin = wee ee ee 5. 89 
Percentage of Other sugars... 4). ipo eee tomeee 2 « ne elenieia:d oie xine eee eee 3.72 


The attempt to grow a crop from the Gans of the preserved cones proved futile. 
The germs at the joints were dead, and in no case was a growth obtained. 


NORTHERN SUGAR INDUSTRY. 9 


has previously been thoroughly dug up and pulverized by a long-bladed mattock. 
The fertilizers used are ashes, fish, decomposed hay, straw, and sea-weed, or night 
soil. The plants are thoroughly hoed, hilled, and irrigated. In October and No- 
vember the leaves are stripped off and the stalks are then cut and the hard outer 
covering is removed, and the remaining portion is then ground between rollers of 
stone or hard wood. The cane juice is then boiled in iron kettles till granulation 
takes place, when it is placed in bags and pressed dry. The expressed sirup is used 
as molasses. Dry upland soils are required for the successful growth of the cane, 
and the expenditure of labor and fertilizers is as great, if not greater, than for any 
other crop. Great exertions are being made to promote the increased production of 
sugar, and large orders for apparatus for sugar-making came from districts which 
heretofore have not grown sugar-cane. 


USE OF MACHINERY FOR OTHER PURPOSES. 


It may be asked also, ‘‘ Cannot the machinery be used to refine raw 
Sugars and molasses or to make glucose during the part of the year 
when not needed for working the cane crop?” I think the answer to 
this question must be “No.” The refining of sugar is a business of itself. 
_ The profits of the refiner are not large, and he has to work immense 

quantities of raw sugar in order to make money. He has also to have 
the advantage of the best shipping facilities. Our successful refineries 
are built near water transportation, on the seaboard and at Saint Louis. 
A sorghum factory must be far from the great centers of trade, where 
Jand and labor are cheap. From these considerations I am certainly of 
the opinion that refining carried on in such localities and without special 
facilities would only result in financial loss to the operator. 

In regard to the manufacture of starch sugar, perhaps I could not do 
better than to refer to the manufacturers of this article themselves. In 
fact, it is a business which is already sadly overdone. The furore which 
attended the first years of its introduction attracted a flood of capital 
which finally washed away all the profits. 
- I think it best that the sorghum-sugar manufacturer should under- 

‘stand perfectly that his business is “sufficient unto itself,” and that he 
cannot count on any lateral business to help him out which does not 
directly pertain to the sorghum industry. 

I have thus dwelt somewhat in detail on the season as it affects this 
great problem, because 1 believethat in this one point the sorghum- 
growers have more occasion for careful thought than in any other one 
factor which they will be called on to consider. 

To further illustrate the problem of climate, I present herewith illus- 
trations of the isothermal lines,* including the region about Cape May, 
where the climate appears to be the most favorable to the manufacture 
of sorghum of any of the localities in which that business is now con- 

ducted on a large scale. I select Cape May us a point of comparison 
because in that locality, as illustrated by the experience of the Rio 
Grande factory, the seasons appear favorable both for the growth and 
manufacture of the crop. 


— 


* See isothermal maps at end of report. 


\ : ~ ai, 
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By taking the isotherm for each month next north of Cape May, and 
following it westward, a line will be traced south of which, as far as ther- 
mal conditions are concerned, the cultivation of sorghum for sugar can 
be carried on with reasonable hope of success. Several years of experi- 
ment, however, must be awaited before the geographical limits of success- 
ful sorghum culture can be accurately defined. . 


As a further contribution to the climatic literature of this problem, I ~~ 


give also a record, taken from the official figures of the Signal Office, of 
the mean ae for each month, winter excepted, of the years 1880, 
1881, 1882, and 1883, as observed at the principal stations of that office; * 
also, in a separate table, the mean temperature for a series of years at 
Cape May, N.J.; Champaign, IIl., and Dodge City, Kans. These are lo- 
calities at or near which sorghum-sugar factories are already in operation. © 
Statement showing the mean annual temperature at Cape May, N. J.; Champaign, Iul., and 
Dodge City, Kans. 
[Compiled from the records.on file at the Signal Office.] 


f No. of | Mean an- 
Station. years. | nual temp. 


| CapeteatyeeNie eronar a. . sods cona aba 11 53. 6 
Ghampaion;: Slicers. co 2) ses ae 2 51. 5 
DGGE City MONS 25 = ani co ace cet cee 8 53.3 


In order to hasten the determinations of the climatic conditions af- 
fecting sorghum culture I call attention to my report to you published 
in the annual for 1883: 


EXPERIMENTS IN CULTIVATION.t 


Equally as important as the above is the question, ‘‘ What parts of the country are 
most favorable to the growth of sugar-producing plants?” 

With the tropical cane this question is already answered; but with sorghum and 
the sugar-beet it is still undecided. Only systematic experiments, conducted under 
the direction of the Department of Agriculture, can give a satisfactory answer. 

Following are the points which take precedence in the investigation : 

1. Kind of climatic conditions. 

2. Kind of soil. 

3. Kind of fertilizers. 

4. Varieties of cane or beet. 

5. Effect on soil. 

I recommend that you make arrangements with the agricultural college of each 
State, or other reliable institution or citizen, to carry on experiments in the directions 
indicated above. For this purpose it will be necessary for Congress to make an ap- 
propriation of $1,000, or other sufficient amount, to be paid-by you to the proper 
authorities of each State or private institution: undertaking the work. 

At first ¢xperiments should be undertaken with a few kinds of the best approved 
varieties of the beet and cane. Two acresof land will be enough foreach State. This 
should be divided into ten plats. Five of these should be planted with sorghum, four 
with beets, and one with Indian corn. The yield of corn will serve as a measure to 


*P.31 et seq. 
+Annual Report Dept. Agr., 1883, page 443. 
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determine the productiveness of the soil and character of the season. Analyses (uni- 
formly carried on) should be made of the soil, fertilizers, and products. 

In the fall (or spring following), after the analyses are completed, the whole num- 
ber of plats should be planted in wheat of a kind suitable to the locality. The yield 


_ of wheat will be a measure of the comparative effects of the different products on the 


fertility of the soil. 

Such a series of experiments carried on under uniform conditions over the whole 
country would do more in five years to determine these great agricultural problems 
than fifty years of spasmodic and disjointed work could accomplish. I have only 
mentioned here the outlines of the future scope of the experiments in sugar culture, 
‘experiments in which every part of the country will take a part and feel an interest. 
If they become authorized by law, it will be easy to systematize and formulate all the 

details of the operations to be carried on. 


IMPROVEMENT OF SEED. 


Much of the success of the beet-sugar industry of Europe has been due to a wise 
selection and improvement of the seed, by which the sugar content of the beet, in 
some instances, has been nearly doubled. There is no reason to doubt that a similar 
improvement (but not, perhaps, to the same extent) could be made in northern cane. 

Such an improvement station could be established at small cost ; but, to be effective, 
must be continued through a series of years. The seed of tices canes showing the 
highest sugar content should be planted and the selection continued until a maximum 
of sugar is obtained. Ifin this way a variety of cane could be produced which would 

‘give an average result in analysis of only 2 per cent. uncrystallizable sugar and 10 
per cent. of sucrose, it would prove of the greatest value to the country. 

It is easy to see the advantage of an experiment carried on in this 
systematic way and under the same conditions of cultivation and anal- 
ysis. ; 

Soil and climate, it will be seen, are the only variables, and hence 
their influence could be easily traced. I do not wish to say that one 
year’s experience in the manner described would be sufficient to deter- 
mine all the doubtful questions in the sorghum problem. But the ad- 
vantage of this method will be so apparent that there will be no diffi- 
culty in securing its continuance for a number of years. It will be an 

experiment carried on all over the country, in which every State will 
feel an interest and every community secure a benefit. 

In a matter of such national importance, experiments made at Wash- 
ington, at Rio Grande, and at Sterling are notenough. Itis necessary 
_ to place the whole country under investigation that the whole country 

may be benefited. 

When once the parts of the country where climate and soil are most 
- favorable to the growth of sorghum have been determined, the second 
great factor of the problem must be considered. This relates to the 
constitution of the plant itself. 

I have asked the botanist of the Department, Dr. George Vasey, to 
give me a brief botanical history of the sorghum plant, which I will in- 
sert here: 

SORGHUM VULGARE, Persoon. 


This species is now considered by the best botanists to include all the very numer- 
ous varieties which are cultivated as sorghum, sugar cane, broom corn, Dourra corn 


. 
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or Guinea corn. They have been cultivated for unknown ages in China, India, and 
Africa. About 1851 or 1852 it was introduced from China to France, and the seed 


soon afterwards sold by Messrs. Vilmorin & Co., of Paris. About the same time Mr. 
Leonard Wray, a practical sugar planter, on a visit to Kaffirland, found the Imphee 


cultivated by the natives, the stalks of which they chewed for the sake of the rich, 


sweet juice. Mr. Wray brought seed of the plant to England, where he had it plouted, 
and also in France and Belgium. 

In 1853 Dr. J. Browne obtained some seeds of Messrs. Vilmorin & Co. for the De- 
partment of Agriculture, and in 1854 a portion of these seeds were distributed by the 
Department for trial. In 1856 Mr. Orange Judd obtained and distributed to sub- 
scribers of the American Agriculturist 25,000 packages of sorghum seed. Thus the 
plant became introduced into various parts of the United States. iy 


The botanical characters may be briefly given as follows: Flowers in an ample ter- — 


minal panicle, loose and spreading, or close and rather compact, erect or nodding. 
’The flowers are on the small branches near the extremity. If they are examine 


while young it will be observed that there are two kinds of flowers, one perfect and 
finally producing seed, the other containing only male organs or empty. The male ~ 


or sterile flowers are on short stalks, one or two at the base of each perfect flower, which 
is sessile or without a stalk. At or near maturity the sterile flowers drop off, leaving 
still remaining the short stem or stems on which they were borne. The perfect spike- 
let has two outer glumes, tough and leathery, and two smaller, thin, delicate, trans- 
parent inner ones, one of which is two-lobed at the apex, and between the lobes ex- 
tended into a short, rigid, bent, and twisted awn. The stamens are three, the stig- 
mas plumose. The steriJe spikelets are narrower, the outer glumes without the 
leathery texture, nerved longitudinally, the two inner ones thin and delicate, desti- 
tute of the awn, and containing three stamens. 


STRUCTURE OF THE LEAF, STALK, AND SEED OF THE SORGHUM 
PLANT. 


The following ae show the cell structure of the stalks, leaf, and 
seed: 

Fic. 1.—Horizontal section of the stalk, magnified 18 diameters. 

Fic. 2.—Cross-section of leaf, magnified 18 diameters. 

Fic. 3.—Section of seed, magnified 18 diameters. 


CELLULOSE. 


The cell walls are composed of cellulose and the tough fibers of the 
outside coatings are of the same material. From a large number of de- 


terminations I have found that the amount of cellulose and insoluble — 


matter in the stalks of the sorghum is not far from 11 per cent. This 
amount varies greatly with the character of the cane, and the extremes 
of variation may deviate as much as two per cent. from this mean. 


Percentage of cellulose and substances insoluble in water in sorghum canes. 


Weight taken. | Weight of residue. | Per cent. of cellulose. 


| 
| 
set 
Grams. Grams. 
| 
-| 
| 


111 § 
No.1.. 50. 00 5. 4:0 10. 90 
No. 2. 50. 00 | 5. 370 10. 74 
No. 3.. 50. 00 5, 355 10. 71 
No. 4.. 50. 00 5. 420 10. 84 


— SN a a a a ae 
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I haye never seen any one who has seen them. 
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Lately the agricultural experiment station of New Jersey, Bulletin 
No. XXX, in explaining the loss of sugar in the bagasse, has said: 


To explain this it is necessary to assume that a considerable portion of the sugar is 
stored in the cane in a solid state, either as pure crystallized sugar or in some com- 
bination easily decomposed or dissolved in water. 


Inasmuch as crystals of sugar, or sugar in a solid state in the stalks, 
have hot been actually seen at the New Jersey station, I am inclined to 
think that it will be necessary to seek some other cause for the anomaly 
mentioned. — 

Cane sugar is remarkably soluble in water, and the proportion of sugar 


to water in the stalks would have to be nearly three to one before we 
could look for a crystallization. 

The quantity of water and substances soluble therein at 100°,C. in 
the sorghum cane I have determined by alarge number of analyses. 
The average per cent. is about 8.9.* | 

It is proper to state here that the analyses of the canes on which — 
this and the following results are based were made on the variety 
known as Link’s Hybrid. These canes pressed in the experimental mill 
yielded 64 per cent. of juice, which gave an average analysis of about — 
9.0 per cent. sucrose and 3.0 per cent. other sugars. This is a better 


*For formula to calculate the percentage of water in cane, see Bulletin No. 2, Chem. 
SE p. 5. : 
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average analysis than that of 300 tons of amber cane worked earlier 
in the season for sugar. 

I wish it distinctly understood that I do not set up these results as a 
standard by which other varieties of cane grown under other conditions 
are to be judged. I think, however, that they will fairly represent the 


- sorghum cane grown and manutactured in the United States during the 
past season. 


ie 


Naturally when we find a cane richer in sugar than the average just 
given, we would expect to find a diminution in the quantity of water. 
Thus when the percentage of sugar to weight of cane rises to 16.09, as 
‘in one instance in the New Jersey report already referred to, it is ane 
to see how the percentage of water could be much over 70. 

But in more than a thousand analyses, extending over two seasons 
and embracing canes of several varieties and grown in various parts of 
the country, | have never yet found a sample in which the sucrose was 
greatly more than 10 per cent. of the total weight of the cane. In gen- 
eral, therefore, we may conclude that canes when ripe have a content 
of water varying from 72 pee cent. for the Psy varieties to 80 per cent. 
for the poorest. 

OTHER SUGARS. 


The sorghum cane contains sugars which are not sucrose. This is a 
point of great inferiority in sorghum, as compared with the sugar beet, 


regarded as a sucrose-producing plant. These sugars (I speak of them 


in the plural, because there ar at least two of them) are not crystal- 
lizable in theordinary way. The term glucose has been generally applied 
to them. This term, however, is a poe one, and may be applied to 
any sweet substance. 

The chief one of these “ other sugars” present in the cane is one 


which does not in any way affect the plane of polarized light. It is, 
therefore, a sugar unique, and I propose to call it anoptose, a term which 


signifies a sugar without influence on the polarized ray. 

It is probable that in normal ripe sorghum cane sucrose and anop- 
tose are the only sugars present. If, however, the cane is abnormal, 
1. €., injured or frost-bitten, or kept exposed a long time after cutting, 


the sucrose undergoes a transformation. It is converted into invert 


sugar, which, at temperatures below 90° C., has a left-handed rotatory 
power. 

For practical purposes these sugars may be regarded as the same, 
although it is necessary to carefully distinguish them in optical analy- 
SiS. 

In nearly 300 tons of Early Amber cane (mean of over 300 analyses) 
the amount of anoptose and invertose was 4.09 per cent. in the ex- 
pressed juice. The mean of numerous analyses of the best samples of 
Link’s Hybrid canes showed about 3 per cent. of these sugars to the 


total weight of cane. I think that if we take the sorghum crop as 
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it is grown now throughout the country 3.00 per cent. of unerystalliza- 
ble sugar will not be a high figure. My experiments and observations 
show that in general, we cannot count on a better ratio than one of 
anoptose to three of sucrose as an average for the whole country. 


SOLUBLE SOLIDS NOT SUGAR. 


Under this head we must consider the soluble starch and gums, the 
acids, the chlorophyl, the mineral substances, and all else not sugar, 
soluble in water or expressed by the mill with the juice. In every case 
where I[ have tested a sorghum juice for starch, I have found that body 
present. I have made no attempts to determine its quantity. | a 

Some varieties of canes have gums besides the starch. These gums — 
resemble the hydrocarbons, and are doubtless isomers of starch or 
sugar. They have a strong rotatory power to the right, like starch, and 
the dextrine derived from it by long boiling. 

The starch and dextrine have to be taken into consideration in opti- 
cal analysis. ‘Thus a raw sugar which polarized 93° on direct reading, 
only calculated 89 per cent. after inversion. Thus an amount of dextro- 
gyratory thatter not sucrose was present to increase the readings four 
degrees to the right. In meladas, sirups, and molasses, on the other 
hand, the first polarization generally gives too low a result, owing to 
presence of invert sugar. | 

The free acids vary in amount from .1 to .2 per cent. There is also 
acid present combined with the potash and other bases found is the ash. 
It is probable that a large number of acids will be found in the cane. 
Among those which have already been detected I may mention malic 
and aconitie. 

The formula of malic acid is H, 0, H,O;, and its calcium salt Ca C, 
H, O;. 

The formula of aconitic acid is H; C, H; Og, and its calcium salt Ca; | 
(Cg H3 Og¢)2. 

It requires nearly 2.5 parts of slaked lime to saturate 1 part of malic 
acid, and a little over 2 parts for 1 part of aconitic acid.. In estimating 
the acid of cane juice it is usually determined as malic acid. One liter 
of cane juice having an acidity of .15 per cent. would contain 1.5 grams 
free acid, requiring 4 grams calcium hydrate for its saturation. The 
lime conan of these organic acids are quite insoluble, ag can 
therefore be separated by subsidence or filtration. 


ASH. 


The mineral constituents of the cane are recovered in the ash, but 
not in the form of combination in which they exist in the canes. The 
average amount of ash in the canes is not far from 0.62 per cent. 
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Ash in sorghum cane chips. 


Per cent. 

EEN ern eevee foie cer oe alee maa Shiga Bidinl mia a eeete a Kiecn! wo. o ole aim ale ale S'c e oes .6172 
es sur acing GB eee Sis i iain aE .6380 
Ry a nm yan ee Sen Oo ra toe Homi ae le Ualeiecis eat sfies ch See .0956 
rE PEs ny (ieee nnn Gun ee eu a wecece Siclach eames eoaee .6424 
cs eich eG SPB Re a A Pe 6568 
Say 5 Sec ete es Se a re 6300 
a es Bete at ele 2 ae NE Ee ee ean oN to ca a re Die 
aI a nes eres eit ky ee ich Cet ee MN Back eke ce we cee .6508 
eI pega UNL My CW Lupe imc iasS ie Datalehain ate wloloiey nce SiSEL os Sueiiee e ao wie wet oe 5924 
I ree ee ce ese See NC Ee fais oO RIA bias wise sce wees cede wee 6128 
SCTE 6S ee SOE) CEN CSS AEE yea e SULA ee ear ene 62132 


Compare this with the ash in the sugar beet. 


Ash in sugar beets. 
Beets from Oswego, N. Y.: 


Per cent. ash. 


IN) 0 Sia a a ASIST ERG alice dep ey Wan ES AN tea aD ae a a 1. 022 
CE ne se dideces cee Ge Ae aie Apo oo] a ar nN ee gig ee a 1. 079 
a ere Me ee ee yo a ea Peele 1. 049 
Co Bcd Scie eR Gg Re i et IS ISS ss cea a Go 
an a ete Sa Sa ee ieee a Sous Walme ae elke aelceee Seabees 862 
Mowo ti...) Ue ere mmcee  ey  Eo oe EU OESAM oc ce (dca (op 9 
ithe Bre ate beeen sey NE ol US NES cibielgieraeb's » 1 . 983 
een IIE eres aisy yar ter rns a hee ek ee we wc ew eudls . 985 
eee ne mee Gon ay Nu Sena ee Se kee eke de, Sl eee bale wd eecio 1. 099 
SPE re rh a Ne i eS ol Gale cial culeleere die wee cee iene 1. 166 
5 TUE ons she Gets 3 SE eh IIS eI ee Pe ee 897 


ee ere ne SN PRA ee TY eee i th ec ool eke tden ee. 1,250 


From York, Pa.: 


ee 1.317 
Me a ee 1.574 
PROPER AG Dee Sec he ayes he Sore eS aia see a eM ey eee ee nen aehamnae 1. 30 


Horsin-Deon* gives the mean percentage of ash in the beet as 1.131. 


A Composition of the ash of the sugar beet.t 

ae eee epee fae ee el es Mle G2 b) gn gcse a aeibies e'd debe oe ene 45. 87 
PE ner ie Me yey es Slo Ce et SU a ea on ee ro 8. 26 
MMO SUAY ess lo ok ewe. bee PPE ee ape at SiN NE es cS 5.50 
eC es en ere LL Ma Wey tao We Sok ee CEA ale 10. 09 
Senna OTE CCR Cp Go et Sy Nereis Medea ale te Plaka Lo leiene sn come 11: 47 
“70 LEONE) GIGI, SINCE a USES AS eal a A oe ee ea Fa oh IG RE EO CRN ONT 
MORIN 200.0 Lo. Stes Spee OES a 1 a 4,59 
SLE cave is Geek el as OSS Aa ee 11. 47 

100. 00 


From these analyses, it is seen that the sugar beet contains nearly 
twice as much ash as the stalks of sorghum. 


* Traité Théorique et Pratique de la Fabrication du sucre, Paris, 1882, page 3. 
+ Horsin-Deon, op. cit., p. 32. 
46435 N s——2 


18 NORTHERN SUGAR INDUSTRY. 


u 


From analyses given in the Agricultural Report for 1880, page 126 
I take the following mean composition of the ash: 


Constituents. : | eds 2. Mean. 
Potasswuim AS Oxi Mewes os eee ce a aa ere eee a eet ore ee et 49.66 | 33.77 41.71 
IAW ESS pUb Re ee Gh aaron Sobbeaneemamleoaouas obo Sonecissacdseseudaseseaodec: 4.31 | 14.58 9.44 
eM: ) 2 2 > pea ae Eee 2S See a ee RPE SPT Petey eee 13. 49 9.00 |. 11.24 
IU EASIER EAR a soe Shas 6 ane Cnr E aan EGR SenOSs a5 Seoc55ac Src Mate i ated acy ae 10. 47 10. 28 10. 37 
Silica (2. Se eae SE EE SE eee Ee eae eee ee 8. 97 2598" | fete De oD 
Sue obahgenerclenatohakslen( Genel) eee ase enoses cose ssolUeeere Sodece aceon ee ac 5.554 11.70 4.07 
Chlorine’. 35725. Se eee eek Sete nigabdlale Fae see ete ee aklacektlsrce be 3 bee 3. 91 13. 24 8.-57 
| 


* Combined with chlorine, &c. 


The following analysis represents the composition of the ash of num- 
erous samples of Link’s hybrid cane, cut into fine chips and carefully 
sampled. After incineration and intimate mixture of all the samples, 
the examination of the ash gave the following data: 


Analysis of sorghum cane ash. 


: - Per cent. 
Silica 32. ilew as be stol SoA eee eel cS a ee re 19. 45 
Potash KjOm@ircg s.0 as ee wosebae 2eeqe ie. ~ od. . ceeet ae oe 34, 58 
Soda NagO 0. 2. ces cae Seen eee gS ob ones wmitie'cl Pee ee 3. 02 
Phosphoric acrdPoO: 2 a. a. tae ses ieasis Vedas s!s se tices sane Su slew cee se On a 4.53 
Sulphuric acid SO; ..-.-.--- Bb ebees $2 ose ULE SS es eo ee 4:20 
Lime, CaQ tric Eos eee 5 aes 2 2. Ls AE ROS i oe a 10. 16 
Magnesia, MeO: 2...) 2225 252 sues Ssisleceweseed seiobeoe. whee 13. 07 
Chiorine.....02 a.) ece< Sess ae Ped SYS i Ee oe 5s 2 ee ol 
Oxide of iron and alumima,.&¢. >... 22. ps shee aoe onset sete Trace. 
Undetermined icc 3.2052. Pees RG? ao. Oe iO; 7S 
100, 00 


I give also analysis of the ash of Amber cane grown in Italy: 


Ash of Amber cane.* 


CLEAN CANE. 


cehies Per cent. 
Potash 210. Seid . odd ese el 2 AOE SS Se ee 
Soda v2. sash. ees Gece Slee oc eel GSS. BAUS. Ga oe 
BaMe 2 edi oko afees wo lic bis some since Dee Bek Seid dew ange are st De Se Se 
Magnesia ei seamen ie meee a0 3 ha gs yelete cate eimeele SEP ENe =, ocho ote einen) 2 eee weg, fe 2O08 
Phosphoric\acid. 2 6.5..:2 22). .4 2.25 sock eee meee Se oa ee ee 6. 8108 
Sulphuric acid -. -... Beeb ets cio B. fepot yn ea, eA ee) ch ta So: oh ire see oe PEE) 4. 1886 
Hydrochlorie gerd st rss 7 Posi ot Ree eee a elses OER, Sea 3. 1705 
Carbonic anhydride:: <2 2 o25225-22 0S aD faicid oe cke Gabe Boe Ola 6. 0347 
Solible.siliea aioe sat): a2 2 ec ee een ers camer ee eee ‘chive eRe Ean 
Insoluble stlicare oye oes Lo CA ee eee eit eh od eee 7. 0329 
Trace of Carouge ois paiele tu od ieccie eo Spee ate eee epetove, Scie et ttc eet ee ae ) 

Oxide Of TOD) 275 oo ete oe ee ee ee ee ee emia aie amici ee | 

Oxide of altlminumt:. 2 .L) 2.0. Loe SC cee he Soak 22 See See ee 715.5121 
Matters not determined): yi) ide ee ee eee fees; 


100. 0000 


*L’ Ambra Primaticcia 0 Sorgo Zuccheriuo del Minnesota, | Prof. Giulio Monselise. 
Mantova, 1883. P. 110. 
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The analysis of the ash, taken with that of the soil, is a good guide 
for the application of mineral fertilizers. Sorghum, itis seen, is a much 
less rapacious potash and phosphoric acid consumer than the sugar 
beet. 

| PERCENTAGE OF BLADES. 


Thisisa question which often is presented to the manufacturer. Some- 
times he buvs clean canes, and again those which still retain the blades. 
Many experiments have been made to determine this ratio, but the re- 
sults vary so widely and depend on so many different con iitions that a 
generalization is almost impossible. 

When the leaves are all green and covered with dew the percentage 

is naturally greater than when they have been killed by frost and are 
dry. With perfectly green leaves their weight will probably be 10 per 
cent. that of the topped canes. When they are dry and frost-bitten it 
may not be more than 4 per cent. An allowance of 10 per cent. the 
season through, dry and wet, green and dead, will not be far out of the 
way. 
_ In the New Jersey Bulletin No. XXX (already quoted) sixteen trials 
gave the highest percentage of blades 9.1 and the lowest 4.6. In four 
trials with the Early Amber cane, grown by the Department, I found 
the percentages of blades 10.5, 11.7, 10.6, and 10.4, respectively. 


IMMEDIATE WORKING. 


In a general discussion of the characteristics of the sorghum cane, 
its tendency to rapid change must not be neglected. It is a false 
economy, a misguided enthusiasm, and a pseudo science that would try 
to conceal from the people the weak points of a great national indus- 
try. This proneness to change isa radical fault of the sorghum as com- 
pared with the sugar beet, and even with the tropical cane; and one, 
I fear, which no amount of improvement by culture will ever be able 
to wholly eradicate. I made some experiments during the early part 
of the fall to transport canes from different parts of the country to 
Washington for analysis. The canes were carefully cut. The blades 
and tops were not removed. The cut surfaces were thoroughly covered 
with melted wax. The canes were then wrapped in stiff paper with a 
stick longer than the longest cane, to prevent breaking, and sent by 
express. AJ] those packages which reached me within four days were 
found to be apparently unchanged. One sample which did not receive 
’ attention until the fifth day was found to be considerably changed. 
The weather was warm when these eae took place, which made 
the tendency to change greater. 

Canes prepared as above and kept in a cool place could doubtless be 
kept many days without injurious effects, but there is always more or 
less danger of the sugar becoming inverted. The conditions most 
favorable to this inversion are rapid changes of temperature with high 


f 
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maxima. Canes cut and left in the field, exposed to hot September 
suns and cool September nights, will soon have all their sucrose de- 
stroyed. This inversion is doubtless due toa kind of fermentation, — 
without any marked vinous or other common character. Canes thus | 
changed are still fit for sirup-making, but are worse than useless for 
the production of sugar. 

In silos, as I have already shown, where the chanes of Sauipe 
are moderate and slow, the canes may be kept for.a long time without 
undergoing any serious deterioration. 

It could be reasonably inferred from these facts that sudden tempera- 
ture changes injure the delicate cell. structure of the cane and thus by the 
rupture of the cells favor the process of inversion. No histological in- 
vestigations have been made, however, to confirm this supposition. It 
may be that the presence of anoptose and a trace of invert sugar mixed 


with the sucrose in the cells greatly facilitates this change—a danger 


which the sugar in the beet cells is not subject to. The sorghum is 
much more subject to this inversion change than the tropical cane, as I 
have said. It is not uncommon in the South to have three or four days 
run of cane on hand at the mill; a method of procedure that roe be 
attended with disastrous Santis with sorghum. 

In a sample of Louisiana cane sent to the President and Lifer tomy — 
division for analysis, I found nearly 16 per cent. of sucrose and little 
more than 1 per cent. of other sugars. The canes had been cut at least 
two weeks. 


ANALYSIS OF LOUISIANA CANES DECEMBER II. 


Per cent. 
SS WCTOSE. «je eee eee a eh elec Bik Nievione. pein ware Las ee eee ae a ae 15.68 
Other suvars':6 ooce 2525-6. Ge fee isd She a Se a 2 1.13 


, AVAILABLE SUGAR. 


By this expression I mean the proportion of sugar which can be ob- 
tained in a dry crystallized form from the canes. Its amount depends 
on the percentage of juice extracted from the cane, and the ratio of 
sucrose to the other bodies in the juice. 

I will not stop here to consider the question of the expression of the 
juice, a subject which has been discussed in a special report.* I will as- 
sume for the present, and the assumption will not be far from the truth, 
that the amount of juice expressed will average abont one-half the 
weight of the cane. Long experience has shown that each equivalent 
of substance not sugar in the juice prevents a like quantity of sucrose 
from being obtained in a crystalline state. To this we must add another 
result of experience, viz: that about 5 per cent. os the sucrose is lost 
in the process of evaporation. . 

ADDIY, these data to a cane selene a juice dle acy 10 per cen su- 


* Diffusion apelin to Sovelnia Gane: Chemical Diyisinty United States Depart: 
ment Agriculture. Bulletin No. 2. 
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‘cose, 2.75 per cent. other sugars and 2 per cent. solids not sugar. Add- 
ing together the anoptose and non-saccharine solids, we get 4.75 per 
cent. This will prevent an equal quantity of sucrose from crystallizing 
and there will be left of sucrose 10 —4.75—5.25 percent. Deduct ans 5 
per cent. lost in evaporation and there is left 4.75 per cent. of sugar 
which can be obtained in marketable form. This is calculated on the 
weight of the juice, and for the weight of caue must be divided by two. 
The percentage of sugar obtainable, therefore, based on total weight of 
cane worked, is only 2.37 or 46.4 pounds per ton. 
I doubt whether any factory in the country this year working sor- 
ghum cane exceeded that yield on the whole amount of cane worked up. 
In the cane worked at the Department of Agriculture during the past 
season the average analysis of the juices was— 


Sucrose ...... REE CES Satta hora ee aa Poses Mepeere Ses per cent.- *6:84 
Other sugars. ns eg att yt, HU: BER alos Rt oa 5 et Shee eran ee aniste ae cite cote GOs 2) VALOO 
Solids, not sugar (a little lessGham iam 22. 2242. fee aie es he scat oi}. do.... 2.00 
PUP CEM OSS eet te Fa eet 42 oe St ole esis ie oe weld bye t eee te Fie 10h ae Wed 
Pee BUCA wees we ete Wtayor ey ESS sieeese ntte afe sc o/s sacle Ci 0 peer Par 8 
LL, TEP PUDTG Scab SEU a ee a Jn pe eee a do.... 42.00 
PMc SIOAUE per tO = s-2. 25-5. 1252.7 2. eee ee Meee eere iar (a's Sicials pounds... 20.30 


This was almost the exact quantity obtained save from & acres of 
cane raised in Indiana, which gave over 60 pounds per ton. At Rio 
Grande the percentage of juice extracted was 471; the sucrose was 
9.75; other sugars and total solids not given. 

At Champaign,t{ IIL, the percentage of juice expressed was 60; per- 
centage of sucrose, 7.78; percentage of other sugars, 4.70; specific 
gravity, 1.0591. 

COEFFICIENT OF PURITY 


There is another method of expressing the ratio of sucrose to other 
substances present in saccharine juices which is more convenient but 
less accurate than the number expressing available sugar.’ It is gener- 
ally used in the beet-sugar countries, and for rich juices is near enough 
the percentage of available sugar for practical purposes. 

The “ coefficient of purity” is the ratio per cent. of the total sucrose in 
a juice to the total solids. Thus ina juice containing 14 per cent. total 
solids and 10 per cent. sucrose, the figure for purity coefficient is 71.5. 
Really, in this case only 60 per cent. of the sucrose present is available. 
and hence the purity coefficient number is too high for available sugar. 

In a case, however, where the sucrose is only half the total solids 
(which often happens with sorghum juice) the purity coefficient would 
be 50, while the available sugar would be 0! 

During the past season the juices worked for sugar at Washington 


*Tn the juices worked for sugar. 
tDouble milling. This number is the average of the numbers given by the super - 
intendent. (See letter of Mr. Hughes, p. 60.) 


¢ See letter from superintendent, p. 62. 
a 
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U ' 
had an average purity coefficient of about 60. I doubt whether it will” 


ever prove profitable to work juices of such alow order for sugar. They — 


will make good sirup, but necessarily will yield only a small percentage 
of sugar. Ina practical way farmers and manufacturers can determine 
the value of their cane juices as follows: The juice, as it comes from 
the mill or diffuser, is allowed to stand for half an hour and cooled to a 


temperature near 15° C. (60° F.). Its specific gravity is then taken by © 


a hydrometer. I would advise always the use of a hydrometer gradu- 
ated with numbers giving the specific gravity directly. Ifa Baumé spin- 
dle is used, the specific gravity can be calculated by the following 
formula: 


Let s=sp. gr., and g=reading on scale of hydrometer. 


EXAMPLE: Let the hydrometer reading be 8°. 


144 


Phen s= we =aIe er.=1.0588 


For Beck’s hydrometer the formula is— 


ee 
170—g 


For Brix’s: 
pie 400 
~ 400-9 
For Twaddle’s: 
s—7 +100 


2 
100 - 


For Balling’s: 
ae 
200—g 
Having determined the specific gravity the percentage of total sugars 
can be roughly estimated by the appended table. Since the proportion 
of solids, not sugar, to the sugars in sorghum juices may be estimated 
at 1.3:12,* and since these solids in solution may be considered for prac- 
tical purposes to have the same specific gravity as the sugars, it is easy 
to calculate from the specific gravity the proportion of sugars present. 
For example, a juice shows a specific gravity of 1.059, corresponding 
to a percentage of pure sugar of 14.42. Make the proportion— 


12: 1.53294,42 9 


°. Bal D6 


and 14.42 —1.56=12.86=percentage of total sugars present in juice. 


* Fifty-one analyses of fresh juices trom more than 300 tons of ripe Amber cane gave 
total solids, 14.06; total sugars, 12.68; solids not sugar, 1.38. : 


Ee ee ae ee 
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_In the table I will give this approximate calculation for sorghum 
juices and sirups. 
_ If the coefficient of purity is desired it will be necessary to determine 
the percentage of sucrose in the juice, either by the polariscope or a 
chemical analysis. 


Table showing approximate total solids and total sugars in sorghum juices and sirups. 


Per cent. solids, | Approximate per | 
Specific gravity. calculated as pure | cent. of total | 
sugar. | sugars. | 
| 1. 0000 . 00 | . 00 
1. 8035 . 90 . 80 
| 1. 0070 ae 1. 80 1. 60 
: 1. 0105 2. 69 2. 39 
. 1. 0141 3.59 3. 20 
1. 0177 4.49 4. 00 
1. 0213 5.39 4. 80 
1. 0249 6. 29 5. 50 
1. 0286 7.19 6. 41 | 
1. 0323 8. 09 Rol 
1. 0360 9. 00 8. 02 
1. 0397 9. 90 8. 82 
1. 0435 10. 80 8. 93 
1. 0473 11.70 10. 43 
“Sy 1. 0511 12. 61 11. 24 | 
- 1. 0549 13.51 12. 04 
1. 0588 | 14. 42 12. 85 
yy 1. 0627 15. 32 13. 66 
1. 0667 16. 23 14. 43 
1. 0706 17. 14 15. 28 
“ 1. 0746 18. 05 16. 09 
1. 0787 18. 96 16. 90 
1. 0827 19. 87 17. 61 
1. 0868 20. 78 18. 52 
1. 0909 21. 69 19. 24 
1. 0951 22. 60 20.15 
1. 0992 | 23. 52 20. 97 
1. 1034 WAS 21.78 
1. 1077 ee 25. 35 22. 60 
1.1120 BGnaE 23. 42 
1. 1163 27.19 24. 24 
1. 1206 28.10 25. 05 
1.1250 29. 03 25. 88 
1.1294 | 29. 95 26. 05 
1. 1339 | 30. 87 Ay a5. 
| 1.1383 31. 79 28. 34 
1.1429 32. 72 29.17 
1. 1474 33. 65 30. 00 
1. 1520 34. 58 30. 83 | 
1. 1566 | 35. 50 31. 65 
1.1613 36.44 32. 14 
1. 1660 37. 37 33. 32 
1. 1707 38. 30 : 34.15 
1.1755 39. 24 34. 99 
: 1.1803 40.17 35. 91 
1. 1852 41.11 36. 65 
| 1.1901 42. 05 37. 49 
| 1.1950 eye 42. 99 38 -24 
1. 2000 43. 94 | 39.15 
1. 2050 44. 88 40. 01 
1. 2101 45. 83 40. §6 
| 1. 2152 46.7 41.71 
1, 2203 | 47. 73 42. 55 
1, 2255 48. 68 43. 30 
1. 2308 49. 63 44, 25 
1. 2361 | 50. 59 45.10 | 
1. 2414 51.55 45, 96 
1. 2468 fa09 52. 51 46. 82 
1, 2522 53. 47 47. 67 
1. 2576 54. 44 | 48. 54 
1. 2632 > 55.47 49. 46 
1. 2687 56. 37 50. 26 | 
1. 2743 57. 34 | 51.12 
1. 2800 58. 32 52. 00 
: 1. 2857 | 59. 29 52. 86 
| 1. 2915 | 60. 27 53. 74 
1. 2973 61. 25 | 54. 81 
1. 3032 | 62. 23 55. 48 
1. 3091 63. 22 56. 27 
| 1 S15 64. 21 57. 25 
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Table showing approximate total solids and total sugars, §-c.—Continued. 


‘ Per cent. solids, Approximate per 
Specific gravity. calculated as pure cent.. of total 
‘sugar. sugars. 
1. 3211 65. 20 58. 13 
2 BRA 66. 19 | 59. 01 
1. 3333 67. 19 59. 91 
1. 3395 68. 19 | 60. 70 
1. 3458 69. 19 61. 69 
1. 3521 70. 20 62. 59 
1. 8585 71. 20 63. 48 
1. 3649 ieee 64. 39 
1. 3714 Wi, 2 65. 29 
Nearest) 74. 25 66 20 
1. 3846 75d. 27 67. 11 
1. 3913 76. 29 67. 92 
1. 3981 77. 32 68. 94 
1. 4049 78. 35 69. 86 
1. 4118 79. 39 ; 70. 78 
1. 4187 80. 43 take Al “ 
1. 4267 81. 47 72. 65 
1. 4328 82. 51 73. 52 
1. 4400 83. 56 74. 50 
1. 4472 84. 62 75. 45 
1. 4545 85. 68 76.3 
1. 4619 86. 74 ieee 
1. 4694 87. 81 a 18. 29 
1. 4769 88. 81 79.18 
1. 4845 89. 96 80. 21 
1. 4922 91. 03 81.17 
1. 5000 92.12 82. 14 
1. 5079 93. 21 Soe 
1. 5158 94. 30 84. 08 
1. 5238 95. 40 85. 06 
1. 5319 96. 51 86. 05 
1. 5401 97. 62 87. 04 
1. 5484 98.73 88. 03 
1. 5568 99. 8d 89. 03 


QUANTITY OF SORGHUM SUGAR MADE AT PRINCIPAL FACTORIES IN 
THE UNITED STATES DURING 1883. 


From the data at the office of the division of statistics the produc- 
‘tion of sorghum sugar during the past season was as follows: 


‘Pounds. 

Rio Grandes Nit Sse ce ae alee) eR Se) ee ee 282; 711 
Champaign, Wks. ce 6 wea we on 2 2) ht eee ae eee, See ore ee 160, 000 
Sterling, Kamserss s. 22 ci ue oa wns oe SSA ere tea re oie 136, 000 
Hintehins ory Maas ae oo oo oi et ies SA 255 131, 000 
Ottawa,’ Kans: 2-2-4. 5 EEE aR see Soca beets Ce it ai ety sc. 7,000: 
Department of Aerieulture....... 2... [2s oe as 5s ofan eee, ee oe 10, 000 

Total save t Bie. ok 0 6 es Os io 720, 711 


THE BEET-SUGAR INDUSTRY. 


The beet sugar made in the United States during the campaign of 
1883-84 was all manufactured at Alvarado, Cal. The following letter 
of Mr. BE. H. Dyer, superintendent of the Standard Sugar Refinery, Al-— 
yarado, Cal., will show the character of the work which is doing in Cali- 
fornia with the sugar beet: 

H. W. WILEY, Esq., : 
Chemist, Department of Agriculture, Washington, D. C.: 


DEAR Sir: Yours of 5th instant received. In answer to your inquiry in regard to | 
the amount of sugar made in campaign 1883-84, will state that our whole product 
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has not yet been marketed. We only had beets enough to run about ninety days, ow- 
ing to the unusually dry season that prevented the farmers from sowing cnly about 
one-half the usual acreage. We sent to market, however, 1,027,826 pounds white re- 
ined sugar, and probably have in tanks, in process of crystallization, 250,000 pounds 
more. The percentage of sugar obtained was very satisfactory. As this season prom- 
ises to be a favorable one, we expect to have from 15,000 to 20,000 tons of beets. Last 
year we only had about 7,000 tons. 

The five years’ experience of the Standard Sugar Refinery has fully proven that beets 
raised in California will yield as many tons per acre and are as rich in saccharine mat- 
ter as any produced in Europe. With the aid to this industry that its importance 
deserves for a few years, sufficient capital would be invested in the production of beet 
sugar to stop all importation of foreign sugar on the Pacific coast, and supply a large 
portion of that required east of the Rocky Mountains. We have a soil and climate 
well adapted to the production of the sugar beet, extending from California to British 
Columbia. There is room for one hundred factories of a daily capacity of 150 tons 
each ; and with the same encouragement by our Government as the manufacturers 
in Europe received in the earlier stages of the industry, they would be built in less 
than 10 years. I will gladly give you any information in regard to the subject that 
I have, fully realizing that the future success of this important industry depends 
greatly, if not wholly, upon the encouragement given it by your Department. I in- 
tend visiting Washington during the session of Congress for the purpose of trying to 
obtain a modification of the internal-revenue laws that will permit alcohol distilled 
from beet molasses,to be used solely for mechanical purposes, to be exempt from tax- 
ation. 

Yours, respectfully, 
EK. H. DYER. 


From this letter of Mr. Dyer, it is evident that the manufacture of 
sugar from the sugar beet is an assured success on the Pacific coast. 
There is a vast region of country in Northern California, Oregon, and 
Washington Territory of which the climate and soil are suitable to this 
plant.* When the extent of this region is considered it does not seem 
that Mr. Dyer’s views of the future are exaggerated. Ido not have any 
data of complete analyses of California beets. The following data are 
taken from ‘‘ The Sugar Beet ”:t , 


(1) Imported Vilmorin beet: 
Density of juice, 26° Balling. 
Coefficient of purity, 82°.6. 

(2) Early Red Top beet: 
Density of juice, 239.2 Balling. 
Coeiticient of purity, 82°.5. 

(3) Verbesserte Imperial Rose: 
Density of juice, 20°.5 Balling. 
Coefficient. of purity, 83°. 

The preceding analyses were made by Mr. P. Cassamajor. 


*MeMurtrie, Culture of Sugar Beet. U.S. Agricultural Special Report No. 23. See 
map opposite page 23. 
+The Sugar Beet, Vol. 5, No. 1. 
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The following analyses were made in California: 


} | al a , | 4 s 
NO) Variety. _ Degree, Sucrose by Coefficient 


Brix. polarization. | of purity. 


| 


1 

2 | Vilmorin Imperial .--.-- «bd oid Bic ete Sree eee errs Meee | 20.5 L6taon 81. 46 
3 | Verbesserte Imperial Rose.......--------+------ soho 19 15.2 80 

4 < 


(aaa i Ca ener eS a ae eee ee ees Doo Sa aes | 17 | 14. 4 80 


The yield per ton of the California beets is most gratifying. 

Seven thousand tons of beets were worked. The yield per ton on the 
basis of the sugar already marke-ed is 147 pounds. Allowing for the 
estimate of Mr. Dyer that 250,000 pounds of sugar are yet to be sepa- 
rated, the total yield reaches 182 pounds per ton. 

These figures should prove of the greatest interest to the farmers ot 
the Pacific slope, for in them they should see suggestious of greater 
wealth than is found in their mines. 


SUGAR BEETS. FROM OTHER LOCALITIES, 


[I have had few opportunities of examining sugar beets, and give 
below the analyses of all that have been sent to the Department. . 

The beets analyzed in the following table were raised by Mr. William 
Cartwright, of Oswego, N. Y. Ge planted a space of 46,708 square feet 
in beets, and the total yield was 36,000 pounds. 


Analyses of beets from Oswego, N. Y. 


.| 2 | 
s-2| 2, | Weight | | Lage 
Variety. Sa | =%)| Weights. | with neck |Sucrose.|Glucose.| Ash. | rit 
Ze|lsS| | removed. rity. 
aly {ac 
| Kilograms. Kilograms. | Per cent.| Per cent.| Per cent. Coef. 
Improved, south field, north end-| 1) 5 2. 888 | Not taken W212 OU 29 1.022 | 74.6 
Massachusetts, improved........ 2 5 PN9G3) ee dOyl be 12. 58 . 20 1.079 | 77 
Late-planted, pitted in field....-. [EL sal ws 1OGIE Se Osos {ht 22 22 1.049 | 71.9 
Improved, south field, south end ce eas 2. 457 2. 238 15. 34 17 0.775 | 83 
Improved, north field, north end 5 5 2. 776 2rOLO min opel onre 16 0. 862 | 85 
Improved, north field, south end.) 6 5 2.795 | 2. 540 15. 20 12 1.061 | 82 
Oswego s6ed’ cue ce. meneec< = 2 His oe 5 2. 902 2.5382 | 14.52 14 0. 983 | 80 
Government seed : 
Sub. Green Neck ........-.--. 8 5 | DEAT 2.010, 12. 54 14 0.985 | 74 
Rose: Neckiit So3e5 55. 2255. 2 9 4 | 2. 807 2.598 | 12.24 31 1.099 | 77 
Sublime; 1883) eeeee «ees e TO eee 4, 272 3. 822 11. 06 82 1.166 | 72 
From Hart's field .-...--..- eee 11 5 2. 915 2. 81 12. 74 40 0. 897 | 79 
Late-planteds eee ae ese: oe 12 6 2. 020 2. 020 12. 64 32 1,250 | 78.5 
SUGAR BEETS SENT BY MR. LEVI MAISH, YORK, PAs 
Beets sent, November 22, 1883. 
Analyzed, December 19, 1883. 
ANALYSES. 
Ta (oth 7 | a EAE: OOTP 3 z F t er ‘i ihe 
| oxy | om | Weight | 
No. Variety. No.of | Total | without. Suerose.| Glucose.| Ash. Purity. 
beets. | weight. | ie : 
| | neck, 
| Iilos. Kilos. | Per cent.| Per cent.| Per cent. COoef. 
1 Vilmorin Improved..... | Sy) svn 22004 2, 684 | 8. 04 . 40 1. 37 64.3 
2 | White Silesian......... | 3 | 2. 892 2.610 | To24 . 78 1, 57 | 58 


Barly Rosenetoe 4 Se Sp eR See sopeeees | 19.5 16. 82.05 | 


>* 


NORTHERN SUGAR INDUSTRY. | 2% 


_ By comparing the analyses of these beets with those from Oswego, 
the great superiority of the latter is at once manifest. 

York, Pa., seems to be too far south for sucvessful culture of the 
sugar beet. 

In the attempts which have been made in the United States to estab- 
lish the sugar-beet industry, the cause of failure has generally been in- 
ability to obtain sufficient beets. There is little doubt but that quite a 
wide territory can be found in our most northern States in which both 
soil and climate are favorable to a development of the beet.sugar indus- 
try. The experience of Europe for nearly a century is at our disposal. 
The Department of Agriculture would do a great work for the Northern 
farmers by determining experimentally the best localities for the culture 
of the sugar beet. 


FURTHER STUDY OF THE SORGHUM INDUSTRY. 


Jt is readily seen from these figures that the importance of sorghum 
sugar from a commercial view is altogether in its possibilities and not 
in its actual magnitude. The predictions made a few years ago by 
many honest enthusiasts, that in five years (the time has already ex: 
pired) our country would make its own sugar, are yet far from being 
fulfilled. 

The fact must be admitted that the present production of sorghum 
Sugar is not a very encouraging one for thirty years of endeavor. But 
there is one encouraging aspect of this statement, viz, that nearly all 
the progress in sugar-making has taken place during the past three 
years. Acareful study of the results obtained, and which can be re- - 
lied upon as exact, during the last few years, will lead to some inter- 
esting deductions. These of course may be modified by subsequent ex- 
perience, but they appear to be justified by the present condition of the 
industry. 

GENERAL CONCLUSIONS. 
SMALL MILLS. 


The prevalent idea that each farmer will become his own sugar-maker 
I do not hesitate to pronounce erroneous. For nearly thirty years such 
experiments have been carried on by farmers throughout the middle 
and northern parts of the country and yet no permanent success has 
attended them. | 
In many cases even the sirups made in this small way are far from 
being palatable. They often contain the acids and other impurities of 
the juice, and have an acrid, unpleasant taste. 
The successful manufacture of sorghum sugar presents greater diffi- 
culties than the working of the sugar beet. In this there is only one 
sugar, viz, sucrose, and its separation is not hindered and even pre- 
vented by large quantities of its uncrystallizable kindred. Three- 
quarters of a century have placed the manufacture of beet sugar on a 
paying basis, but have not brought it to its limits of perfection. 
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The sorghum sugar industry in this country is yet in its infancy, and 


it is not strange that its methods are still crude and unsatisfactory. It _ 


seems that the advocates of the industry have often had more zeal 
than knowledge, and I have noticed that with increasing experience 
the prophecies of experts have grown less extravagant. If the suc- 


cess of Small mills has been almost none, it does not follow that that of 


large ones has been great. But one thing the large factories have 
shown, 2. é., that sugar can be made; how profitably. or eae 
cannot yet ie Said. 

The factories at Rio Grande, N. J., Champaign, II. : Sten and 


Hutchinson, Kans., have made sugar this year, in all nearly. 1,000,000 | 


pounds. But 1,000,000 pounds is a small contribution to the sugar con- 
sumption of the country, and the time appears still distant when the 
United States will make its own sugar. 


Near large factories farmers may make their own sugar by raising a. 


few acres of cane and exchanging it at the factory for sugar. Cane that 
will produce 60 pounds sugar to the ton ought to yield the farme 30 


pounds of sugar. The other 25 pounds and the molasses would pay for 


working, and yield, I think, a fair profit. Under these most favorable 
conditions the farmer would get 350 pounds sugar per acre. I do not 
know of any other way in which he can get that much sugar out of an 
acre of sorghum cane. I do not write in this manner to discourage 
efforts to make sugar profitably in a small way, either at present or in 
the future. The small sorghum factories, with their crude sheds and 
mills and often cruder methods of concentration, will continue to dot 
- the landscape of the central and northern belt of States, and the prod- 
ucts of these establishments, when made by intelligent direction, will 

continue for many years to be sources of profit to ieee industrious farmer 
and manufacturer. 

If'a method for making sugar profitably on a small scale could be de- 
vised, it would certainly be a great advantage toour farmers. The cost 
of the sugar for a farmer’s family is one of the chief expenses of the 
household, and often takes so much of his available cash that he finds 
it difficult to raise money to pay his taxes. If large factories are started 
throughout the country, the farmer may find it profitable to cultivate 
cane and sell it to the manufacturer. What price should be paid for 
canes, and how their value should be determined, are questions which 
the ordinary experience of commerce will answer. 


LARGE FACTORIES. 


Only the large establishment can with economy employ the chemist 


and the skilled laborer. It requires as much chemical science and as © 


much skilied labor, to work one ton of cane into sugar as it does a thou- 
sand. Moreover, sugar machinery isexpensive. The boilers and engines 
must be large and of the best quality. The mills and diffusers are heavy 
and. costly. Then come the vpen evaporators, the double and triple effect 
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and strike vacuum pans, with their pumps and appurtenances. Then 
the sugar wagons and centrifugals are not to be forgotten. If animal 
char is employed, it requires additional and expensive apparatus. 
- Counting every expense except the cost of land, the capital required to 
work 10,000 tons of cane per season will not fall much short of $75,000. 
It may exceed that sum if strong, permanent buildings are erected. 


REVIEW OF THE SORGHUM INDUSTRY DURING 1883. 


EXPERIMENTS MADE BY DEPARTMEN! OF AGRICULTURE. 
(1) Field of cane near Washington. 


Following is the report,of Mr. Nesbit, who had charge of the field: 
DEPARTMENT OF AGRICULTURE, 
Washington, December 3, 1°83. 

DEAR Sir: Your letter of November 23 to Hon. Georg: B. Loring, Commissioner, 
requesting ‘‘for insertion in the forthcoming report on sorghum a report on the follow- 
ing items: 

(1) Plowing and preparing ground; 

(2) Fertilizer employed, when and how applied ; 

(3) Date and method of planting; 

(4) Cultivation ; 

(5) Other items of interest in connection with the crop;” 
Having been referred to me, I take pleasure in furnishing the desired information. 

(1) A contract for the plowing was given on the 27th day of March, requiring that 
“the ground shall be plowed to a uniform depth of 5 inches, and a subsoil plow shall 
be run in each furrow to the uniform depth of 6 inches below the bottom of the fur- 
row.” Other stipulations were made requiring the work to be well done, and finished 
before the first day of May. The weather proved exceedingly unfavorable, so that 
much of the time the ground was too wet to be worked, and the plowing was not 
completed until May 18. A drag-harrow, disk-harrow, and clod-crusher were em- 

_ ployed to reduce the ground to good tilth. 


(2 and 3) The seed was planted and fertilizer applied with a grain-drill having a 
fertilizer attachment. Two of the eight tubes, 3} feet apart, were used for seed, and 
the same, together with one more on each side of both seed-tubes, six in all, were used 
for the fertilizer. The other tubes were entirely shut off. The planting was begun 
on the 14th of May and finished on the last of May, much rain intervening and pre- 
venting a more rapid prosecution of the work. The fertilizer wa: applied at the rate 
of 500 pounds per acre. An analysis by Mr. Clifford Richardson, assistant chemist, 
showed the following constituents, viz: 


mee MEMES MOEN ACM fee tee Pe a Te lle percent... 6.55 
Seep CCE ne me mininm h PT ele ve ea pea De oe eae eas Gosnell yao 
A eS ee Le de Da Re I eae ha ee a ea a0 5.32.) 10240 
AL snes dees Sale Mae 8 Seat ll I a cll ata ae en Goss. 11. 82 
apne eoim te tune APSE Pee HPN ee Sei Sk. = aes 2: he Ee EO 
Pam Meniaiinamlimenty Oo. O41). 2ifcee tose) ue. gi te. dow... 9.17 


Commercial value.......... 


_ (4) The first cultivation after planting was broadcast with a smoothing harrow. 
After this the sorghum was thinned to a stand of about 12 stalks to a yard by cross- 
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ing the rows with a spring-tooth cultivator, having’a part of the teeth removed, 
followed by hand and hoe work. In the after cultivation a sulky cultivator and one 
or two one-horse cultivators were constantly employed, when the condition of the | 
ground would permit, until the middle of July, when the sorghum was too large for 
further cultivation. 

(5) Under the head of “other items of interest” a long report might be written, . 
which I assume you do not want, being already familiar in a general way with the 
methods employed in growing and harvesting the sorghum crop for the Department. 
I will only add a short statement in the way “of a general review. 

The land selected by the Commissioner was the Patterson farm, about 64 acres, ad- 
joining the city. It is the same land that was cropped with sonetaine for the Depart- 
ment in 1881. Last year it was not cultivated. The object in subsoiling was to guard 
against extremes of moisture or drought, and, the season proving an unusually wet 
one, it saved the crop from being washed out on the hilly portions of the field, and 
without it cultivation would have been impracticable during much of the early part 
of the growing season. The use of a concentrated fertilizer was adopted because it. 
was not thought prudent to use raw stable manure so late in the season as would have 
been necessary, and a supply of decomposed manure was not obtainable. If the wet 
season could have been foreseen a considerable part of the ground would have been 
dressed with stable manure, thongh it is doubtful if better results would have been 
reached than with the fertilizer used. The varieties of cane planted were Early Am- 
ber, for the greater part, and Link’s Hybrid, Honduras, Harrison’s Red Top, and two 
others, with results not worthy ofnote. The Early Amber ripened first, the seed on 
the gravelly hill tops being ripe September 1. Honduras came next, and Link’s Hy- 
brid and Harrison’s Red Top were not fully matured at the end of the season in 
November. . 

The quantity of seed returned to the Department—about 1,000 bushels—does not 
represent the entire yield, the depredations of the sparrows and that stolen from the 
field amounting to a considerable per cent. of the crop. 

On the whole the results from a farmer’s standpoint were sattafnctamme so far as the 
yield was concerned. 

If you should require other information at my command, it wiil give me pleasure 
to furnish it. 

Very respectfully, 
D:-M. NESBIE. 
Superintendent. 
Prof. H. W. WILEY, ; 
Chemist. 


WEATHER DATA. 


Equally as important as the foregoing are the meteorological condi- 
tions which prevailed during the season of growth and manufacture. I 
append the following tables from the official records of the Signal Office. 
From these monthly tables the season of 1883 can be compared in mean 
temperatures and precipitations with those preceding it. 
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MAY, 1883. 


|Station: Washington, D. C.} 


Temperature. 
‘Date ee be | Daily rainfall 
} ; rometer. | | Yeates GLa 
Daily mean. Maximum. | Minimum. | 
| | | 
| | 
erases | Inches. | oF. OF, OF. | Inches. 
| May 1. | 30.310, 52.1 59.1 42. 6 [ oS a ten Be 
| 2 30, 197 58. 4 69. 6 OES gi Se ek ele apis 
3 30. 083 64.3 76.5 RCo hs. ee eae ee: 
: 4 30. 074 70. 0 86. 9 54.8 wevites oe 
) 5 30. 162 53. 0 64.0 51.5 0.53 
6 30.153 58.5 69. 2 EROde oe. Sep 
7 30. 038 64.2 76.3 HOSAS CLE Tae, er Ps 3 
8 29. 932 74.9 90. 2 | BON OP ie UL eer Sheer e 
9 30. 067 70.2 86. 0 58. 0 [cieet /eemaneien A. 
10 30. 012 71.3 87.0 FT eee aS See eas ae 
‘ oa 30. 022 65.9 75. 0 | 58. 9 0. 06 
or | 30. 050 62. 4 72.4 ONSET E Hay St ish eoctiee loet a 
13 30. 059 61.0 72.0 OR Qurrer ti ct ene gen 
14 29. 929 55. 2 59. 4 48.4 0.59 
15 29, 684 59.5 74. 0 55.1 0. 16 
: 16 30. 038 59.7 69.7 BUG ee [cree eaeeek 
17 30. 252 55. 6 69. 9 ASSO Ee: Fe)2 FA Se 
18 30. 274 63. 4 77.9 CAC a Pg) IN eet hig eo 
19°" 30. 111 63.3 75.5 BTR e a re |) case oe eae 
20 29. 686 67.2 80. 0 Cat) | Pee ae eee ae mee 
21 29, 423 63. 8 73. 0 58.1 0 99 
22 29. 565 | 51.2 58. 8 48.3 0.15 
23 29. 848 51.8 57.4 A Vp ain Fo ils A pees ee 
24 30. 044 63.4 77.6 48.3 [ee eee 
25 30. 078 68. 4 82. & . 49.6 eee 
. 26 29. 835 72.7 81.8 59.8 | 0. 01 
27 29.777 67.6 76.0 | 59.7 i ken Cod pata ok 
28 29. 852 69. 9 80.7 56. 0 eee Rate Boye ee 
29 29. 899 71.9 84.4 64.1 | Sa erew iets As, 
30 29. 995 70.3 77.5 59. 9 ae oe ae 
31 30. 023 70.2 | 76.9 63.5 | 0.01 
| Me ns .... 29. 983 | 63. 6 74. 8 52.6 0. 081 
} I I 


GENERAL ITEMS. 


Mean barometer, 29.983; highest temperature, 9.2°, date 8th; lowest temperature, 42.6°, date Ist; 
greatest daily range of temperature, 33.9°, date 10th ; least daily range of temperature, 10.1°, date 23d; 
mean daily range of temperature, 22.19; mean daily dew point, 50.2°; mean daily relative humidity, 
64.99; prevailing direction of wind NW.; total movement of 3,987 miles; highest velocity of wind, 22 
miles S.and SW. direction, date 10th and 26th. 


NrMnemOHTO@oy Gays sso oe fae evoke acca. OPN bewot Clowdyadans tas eee seca see gee 8 
Wimbororcleardays. .226. <2 sossses =. Schiele 4 9 | Number of days on which rain fell ..........- 9 
- Number of fair days........-..-.---.--.-----. 14 | 


Deg. Fahr. | Deg. Fahr. 
2 Lie Seta se rere Ste GS. EGstO mil Otceees He semace sets S2ete Rees eau ees ie ts 62.5 
22 Lee RoR Se ee ae ee at Oia ae USN Oye nen sae ace Br Sse Se eiaeee at 65. 3 
lop SLL a ees ease Eee ep eee ee Eee erat CSRS Eis |p, icstol ES Se SD a eae ae an ae Se er hel ea 70.5 
(oT RS i ga Re ee EE Gi) 1 TITS Ss are ce eae ee ee ae eater ere 67. 0 
LaF 2 6c Nes Ae CLE rs ee ae Gas Mose ers stew Ete RE Ree ees hese) sei Shs ok 5952 
LST E sc 2.2 cee RES et ears coc eg GEOMR PEGG a rere eee tre Sent ene et owt aera ticie ciate Shae see's 63. 6 
MNP ek hao eee ee a2 61.9 


COMPARATIVE PRECIPITATION. 


Inches. 


| Inches. 

VL 1 eee eee peteisite SS: Bedi IG GR ease ee eo ok Soe es 5. 27 

aan ree he EINE 1B OY Foi oe eh OM es cee eau cos coe Cee Susmae nN CEU 1.58 

ee ere nee ea Rose slates g Syn MLSS (Peet aeyamer eer eeu OR AC SURG Sickle. tee Sy 

LST tse GaSe LEG ae Sag ea ee ee SO PALM lee eters etter cc Suns paver qe ee cae bee Ns 1. 86 
LST 2S BAS OR Se oe PSOUAW USB cem cc 2 CE oe ows Yee Secu edegn 2 5. 00 

LEE - 2 Se Se ee er BL TE LS Sy See sie ei a ee Sete ere eee neler See ities 2. 50 

Loa aad SRE y oe eee re a ate ee 25267, | 

’ 
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JUNE 1883. 


[Station ; Washington, D. C.] 


| Temperature. 
| Daily mean ba- : . ; 
Date. | bromnonc. i . Daily rainfall. 
Daily mean. Maximum. Mirimum. 
1883. Inches. OF OF, of, Inches. 
June 1 30. 3382 66. 4 79. 0 54.5... > S| ee eee 
2 | 30. 409 65. 9 7a. 0 §1..2 °. >. 2S See ee 
3 80. 216 66. 7 74. 7 58. 2 Teo 
4 30. 186 75. 4 87.1 63.5. See 
5 30. 154 81. 0 91.5 67.3) Oe ee 
6 30. O61 81.6 91.0 70:9. 4S ee 
7 29. 881 79. 2 90.1 70. 0 . 49 
8 29. 914 76.1 88. 2 68.1 | see age Meee 
8) 29.891 . meek (hat 86.8 65. 6 - O01 
10 29, 817 79.8 92.0 69. 1 i230 
Tit | 29. 792 75. 6 86. 2 63. 6 ali 
12 29, S88 76.9 - 7.4 61. 0 1. 00 
13 | 29. 804 | 76.8 86. 4 67. 4 50 1 eee 
14 30. 188 66. 3 74.9 60. 8 SO | 
15 30. 280 67.1 Tigi: 53.4) ¥ Re ee eee | 
16 30. 205 69. 0 80. 0 Sse 03 | 
17 30. 058 76. 4 88. 9 63. 4 ok | 
18 29. 939 78. 6 87. 8 69.4. °° <i eee | 
19 29. 792 80. 1 | 90. 5 69. 1 20 
20 29 833 76.9 | 87.3 68.5: he eee | 
21 29, 899 | Tis & 85. 6 67.3 | BRUTE 
22 29. 985 Taal 85. 6 63.5 | dae Stem Ape reoe  O | 
23 30. 037 73.9 85. 3 62,4 Oo eee 
24 30. 014 TGS: 89. 0 62.2 0. oe eee \ 
25 29. 917 Ta. 2 | 79.7 69.9 47 
26 29. 917 leat: | 79.9 68. 6 . 49 
2 29. 874 68. 2 75.8 66. 0 alert i 
28 29. 956 74.6 87. 0 64.2 00) ae 
29 29. 853 TSE TE | 88. 2 66. 7 16 | 
| 30 29. 900 | 74.8 85. 1 61.9 ool 
: Means 30. 000 74.4 84.8 64. 2 285 
| | 
= GENERAL ITEMS. 


Mean barometer, 30.000; highest temperature 92°, date 10th; lowest temperature 51.2°, date 2d ; 
greatest daily range of temperature 26.8°, date 24th; least daily range of temperature 9.8°, date 25th 
and 27th; mean daily range of temperature, 20.6°; mean daily dew-points, 62.9°; mean daily relative 
humidity, 70.1°; prevailing direction of wind, south; total movements, 2,914 miles; highest velocity 
of wind and direction, 16 miles, SE. and NW.; date, 3d and 7th. 


Nuntber-of fogeyidayd, o--:- 2752-22207. as eh 0:| Number-of cloudy days <.--222-5e)eeeeeeeee 6 
Numberiof clearadays)-c- =. 52: -.ces osoene 8 | Number of days on which rain fell .......... a ye 
Wamberot fair daweae es. -2 o-oo nie ee 16 | 
COMPARATIVE MEAN TEMPERATURE. 
Deg. Fahr Deg. Fahr 
Del Seen ROS ee te oS ee Se eer pAb me ae eS FB. 2 0) BTS oe eee on wee bon seis re 69.1 
1 PM pene tee ten ee at 2 6 te a ere OL 15, 4) ISG9 sn ew oc Se ec dee ee eee 72.9 
1 257) ep Be le ee ls nk A ee A ee TOE W880) sonic occ ees eee ae 73.5 
ASA WLS BE eee ear ne sis aisles = sic neers 17. 8 PABBl ns oo. eked. bbe ict onlin a eee as ay 
TSIO sca hee. ses ee ad oe 12, 9-|- 1882) 02 ies f encase) Je. U- 2 ee 73.8 
Wi 3 Se a ares ese ao 75,8 | $808 oo... eager .. 144 
NOTE oe ee ae sees cae a pate Sobre es 73.9 
COMPARATIVE PRECIPITATIONS. 

Inches. | Inches. 
MA oe on a chotolal Peat Nore aioe ee en eS atic rl er tate in alin 4.78) || WS78 onc es oa tae eee te ceeeiGe shee 6. 33 
S72 wed odin eG's oc euiatete omshgee eae s swe t co cels a Oa) eM anata sis eels can tt 3. 29 
DF, 2 AG igh ho a Ae IA Oa e's ae 1, 68.) 1880 nook lke eee ned fone 8.52 
TOSS a2. {Saspaba aed tacos Peeters «2 oa se 3.47 :| 1SRN 8 cee, ea ee Baga 
OTD a5 ad she Sosa ater Sha, Pano ie ae a Saat aa 2 25 OB |) VaR on i ciatcitsie a claietnc cig abate eee ee eee 2. 33 


oe ae a a 


NORTHERN SUGAR INDUSTRY. 33 


JULY, 1883. 


(Station, Washington, D. C.] 


| Temperature. | 
Date. 2 penis OL - Ta Daily rainfall. | 
| Daily mean. | Maximum. Minimum. | 
| 1883 Inches oF oF, oF, | Inches. 
July 1 30. 151 69.7 80. 9 62.5 | hie | 
2 30. 035 81.1 94.1 65.3 oe ae ett Sat 
3 30. 087 84.3 95.0 72.2 [sd a 
4 30. 120 83.7 94.0 74. 8 (Pee is See al 
5 30. 111 80.3 | 92. 8 72.5 | 27 
6 30. 066 84. 6 95.8 72.1 AE eee, see Re 
7 29, 912 84.9 | 97.1 73. 8 Htbee oe Sonh sie 
8 29. 859 79.7 94. 0 67. 0 | 24 
9 30. 025 68. 1 Te 65.5 x8 Siesta eae ae 
10 30. 046 72.3 82.9 63. 2 ee aaa! 
: 11 29. 991 17.6 | 87.6 62.2 lene Remora | 
| 12 29. 843 73.8 | 89, 0 70.4 . 64 
13 29. 811 76. 0 | 89. 6 66. 9 10 | 
| 14 29. 905 Piao | 86. 9 Gini. | chet Beaks 
15 29. 867 79.1 | 88. 0 71.4 79 
16 29. 980 80. 6 | 92. 6 68. 1 nits 2 oR reel 
17 29. 996 79.4 | 90.5 72. 8 . 95 | 
| 18 30. 153 | 74.3 | 82.4 GHGo aia | 2c Eo 
T1.> | 30. 171 | 71.9 | 82.3 62.6 [iyaitet AO eleces | 
| 20 30. 213 70. 8 | 80.0 61.9 [pcb Ame nea | 
21 30. 204 fie | 88.5 63.9 | 01 | 
22 30. 126 84.1 | 96.5 TORO Sits otek Main ao tae | 
panes )| 29. 990 84.5 95.9 iis, 1 Daksa ee ak ere | 
24 29. 785 | 77.5 | 90. 6 67.8 1. 00 | 
a 29, 941 70.4 78. 4 64.9 {cetyl te: ett 
26 30. 084 72. 8 | 85. 9 62.4 327 
| 27 30. 152 Tien. =| 88.1 Goat [Se SR esd oe | 
98> | 30. 004 71.6 | 81.5 65. 2 . 46 
29 30. 022 70.6 79.8 GEO ru eae 
30 30. 095 ah 2 81.0 62. 0 Ace 8, AAR te 
| ah... | 30. 085 | 72.9 85.5 61.9 A tial ein 2 3) 
| Means . 30. 027 76.8 87.7 67. 2 | 153 


GENERAL ITEMS. 


Mean barometer, 30.027 ; highest temperature, 97.1°, date, 7th; lowest temperature, 61.9°, date, 20th and 
31st; greatest daily range of temperature, 28.8°, date, 2d; least daily range of temperature, 6.7°, date 
9th ; mean daily range ot temperature, 20.59; mean daily dew-point, 64.8°; mean daily relative humidity, 
68.99; prevailing direction of wind, south; total movement of, 2,756 miles; highest velocity of wind 
and direction, 16 miles NW. and SW.., 5th and 12th. 


Wumber of forpy days... 022 2 0e nek eee. 0 | Numberioty cloudy dayse--c-. a2 25 soe ce eae ence 4 
Number of clear days .--..-.--..--..8..-...--:- 11 | Number of days on whieh rain fell. ...-.......- 12 
NGM COL TAL OLY S:. 6. aecccisccessc tse ecee es 16 | 


Deg. Fahr. | Deg. Fahr 
Lo 1h ree AE AS Ss ae Rs ee eee NANO Ne (oeceases weceecte Sods ce aldeu fete bole. 80. 2 
Lb ees ES See gt ee CUMS PIS LO cease ata as oe eee sel as ce tlsa te socobon's 78. 6 
12 oR eae ee eee Ge. | Deobsccecc ce orne Soaecanecuseane See uaaoe = sees 76. 7 
Loa. 2 RE eee ae ea Ticahs DAY) TURE se a ee Oe 17.4 
Pen 6 oS a SSeS coe ankeetcecce cccces PmOn mise t an ccecr comets sests sccconcesiae cach s<tiesees 76. 0 
LE oo CA SR OSE EE Sea BUNS UNGo ces sce sessassece ede Cas ecascuscs twanece 76. 8 
LT Lolo ea Aa ERS Spee ere sa Pee ae a 77.8 


Inches. | Inches 
DE See Bee BS CO Sree earn a eae ae I OMMESMOe errr eee mee ce kk OU ee Oe ated 8. 37 
MM rin eae oa ee eS D eee Le oe ye Sein DO SPAUIG AD: SS ao ee eee a a pa a are Pe 3. 36 
eR mrrEPn ene Aa. aa eS SS Ie. . (te Sided Ths BXD: | SIND SS es ae ae Se eae pele ee ea 2. 25 
See as esl ke SON en Stu es ede Be Gael | TCHS SOE GS eee Ue ea oe ane ESE ie aa eatin 1. 67 
Lo Teogctectedeoselie age Opener ee ees SUSE AReE Ree E acces cic cisncete cess ve esiew acme 4. 46 
"1 DNR SE OES Seg E,, [Ip RCE pe aa ag Ree 4.7 
5 SER A EES as ee ee 6.50 | 
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AUGUST, 1883 


[Station, Washington, D.C.] 


Temperature. 
Daily mean ba- ay tee 
Date. ve meter Daily rainfall. 
Daily mean. Maximum. Minimum. 
1883. Inches. oF, oF, OF. Inches. 
Aug. 1 30. 016 76.5 87.5 61.6 hi S| eee Pe ak 
2 29. 794 78.3 88.7 71.6 . 03 
3 oN 29. 892 74. 9 83. 9 6700)". ole 
4 30. 091 69.7 80. 9 58.8. yo... | eee eer , 
5 30. 158 aores 82.6 61,2.) 6 ee eee 
6 30. 200 69. 4 80. 3 6129.) See eee 
a 30. 207 69. 4 81. 4 5S:'Oihe:, IRR an ae eee 
8 30. 156 70. 6 82. 0 567 oo. Sa ees Asa 
9 30. 110 69. 9 81.2 58.9 +). eee eee 
10 30. 086 69. 4 78.9 60:2... ee ee ee \ 
11 30. 045 70.1 80. 5 58. 6 oN eave erate net evaeters 
12 30. 001 72.3 85. 3 58. 0 BeBe 3 eatecue 
13 30. 019 (Gal 91.2 648°.) Ree ee eee 
14 30. 198 72.9 78.8 69.1 . 01 
15 30. 215 62.8 71.6 60. 9 | 1. 04 
16 30. 060 63. 1 66. 1 61. 0 38 
17 30. 131 69.9 79. 0 Eyes PRA eS Sete Soot 
18 30, 085 78.2 90. 2 66: 7280. Aes eee 
19 30. 015 79.0 91.2 69.50%... Wacko ae sees 
20 29. 957 82.3 93.6 68:3) 5% eae eae eee 
21 30. 053 80.3 89. 9 7253-4 eee ie et 
PPA te 30. 077 78.3 92.0 65. 4 Saha 3 he ee 
23 29. $61 79.6 92.3 68.1 1. 34 
24 30. 016 74.5 82. 2 69: Le eee eee 
25 30. 082 71.0 83.0 iy Mee. fe 
26 30. 101 69. 8 83. Uv GO.4 o>. aera eae ner are 
Daf 30. 226 67.8 75.7 62.2 “+. Vee ee ee ees 
28 30. 047 67.9 78.0 HBB. 7 i ae RS ees 
29 29. 894 67. 0 73.7 62360 Sl eee eee 
30 30. 070 63 1 eile 58.7 . 50 
31 - 30. 204 66. 8 79.0 55. 4 2 ite eee 
Means. -... 30. 070 io 82. 4 62.7 . 106 


GENERAL ITEMS. 


Mean barometer. 30,070; highest temperature, 93.6°, date, 20th ; lowest temperature, 55.4°, date, 31st; 
greatest daily range of temperature, 27.3°, date, 2d; least daily range of temperature, 5.19, date, 16th; 
mean daily range of temperature, 19.8°; mean daily dew-point, 59.69; mean daily relative humidity, 
67.9°; prevailing direction of wind, north; total movement of 2,497 miles ; highest velocity of wind and 
direction, 13 miles NW.., date 23d. 


Number of foggy days .--..--- see tee sees 0 | Number of cloudy days.......... Bese ar wwe 4 
Number of clear days...... alaidla ha eb eee Aes 13 | Number of days on which rain fell........... 10. 
Numberot taiidayse-2--- =: 2-1). oo seemceiae 14 


Deg. Fahr. Deg. Fahr. 
1601 out terssaee Fo CODER eer Remi asm mA W638 | WBIS ... 6. sce ee Jo scdeldne oes 75.0 
ABTS crete komen ia= 1e/alelael ao <aiaieinslmin iat 79:0) | 1879 .. 0.25.) 2ite deca c6 essa eee 73. 9 
BTS 2a o cwjnc ne coccne cone es eee ne cece cc seceen- GARB) MBB eve .aia w\cfareticls ao a itera aor eee Torrey ate 74.9 
Oe Ae re OA A ooac pohermseup pcoupoURbeaanoe TAOS USBI on osc ee eicis cle deiwristoticl nec ele een eae 76.5 
Ici apne soe coceHeoU LDH Epos nepenoeceooontme4 V9) WV8B2) odes Dees toate ee ee aero 73.9 
STG) jeiscuicte om nialnteatel=ninielsi=\~\e)a]a/w\ein)a\e/elnniajolalsiayalate TOAD! | LBBB sicinsale,'Sincs icys ete di ciercrslordepe sae eee eae 2. 
SOUT, eee eee eed a nivinw re ee eitemine 76.3 


Inches Inches 
BIA! Bhs hh? 5 or a nee Se ere ree eet as 10 Si ork taal 159 | ASI8 oss0cssack sheet t se ade sae 8. 89 
ATO eh Sy aie Se arama rete Baie oe ists) Si din misiokainie 5S 72) | VBID cscccccetcanee tee bss aes) eee eee 7.36 
OTS) os She iad oe oe nat a ainke eee 6583) | TEGO 2250068 fees Sess eee 3. 83 
7172 Ge Se RE Be ie eA ne UR CHIDO P7410 | WSBL oes coe cae eee eee a ee eee » ATCT 
RTS ee ee eee ao eine sae acels O08 SEQ sss cede cose ae See 4,44 
1017 lag ie a ae RS CS Sa i ER SE ry Walp U.S RS Dae RMR Me AES Cy ee Me 3.30 


NORTHERN SUGAR INDUSTRY. 35 


SEPTEMBER, 1883. 
(Station, Washington, D. C.] 
Temperature. 
Date. Daly, sna ba Daily rainfall. 
Daily mean. Maximum. Minimum. 
1883. Inches. OF. _ OF, OF, Inches. 
Sept. 1 380. 198 67.9 81.1 BGVAM te icles ca sn sete ey. 
2 30. 030 66. 5 71.4 57.1 . 06 
$ 30. 095 69. 7 78.3 GIRO, ee eat See ae 
4 30. 113 67.8 79.0 DSR nl rratacte a Spey Sear ety E 
5 30. 121 66. 5 76.1 eee files ata, ares see oes ome 
6 30. 183 61.4 76.0 ATOM 9 1) Sia oral o eeevepay ery ae 
q7 380. 013 65. 4 79. 2 AS ie eNews ake 
8 30. 011 68. 0 84. 7 Gor lees s Birada aaa tae 
9 30. 354 56. 6 66. 0 SONG R ere Whee Sears eae 
10 30. 378 54.5 64.5 ASHORE Nick eias meee. te 
11 30. 170 57. 8 60. 5 | 52.1 .14 
12 29. 925 60. 6 62.9 | 55. 1 1, 84 
13 30. 052 69. 3 78. 4 60. 6 | . 04 
14 30. 145 72.3 81.9 Gora ek ose ray Sete 
15 30. 143 | 74. 0 85. 2 CS): SA Rae ee ae iy 
16 30. 002 74.3 85.7 GENS co. hee ce erp ae 
17 29. 922 104 87.0 67. 0 Ay 
18 30. 204 61.7 69. 2 58. 6 . 03 
19 30. 289 63. 1 70. 8 Eafe) a Os eC re 
20 30. 091 64. 6 75.0 HOw >, = Nciercons, ciate eee, 
21 29. 994. 65. 2 77.8 EVA, CU Fae aenel T a eae I rad 1 
292 30. 173 62. 7 66. 0 OMe 6-H are cc Mme ae 
23 30. 117 62. 5 68. 4 BON Awe Cee aie fe pase 
24 29. 747 63. 0 67.9 59. 2 1. 98 : 
25 29. 859 62. 0 72. 4 FD tes tame iene ie AT ee 
26 30. 189 55. 0 65. 6 ASTOR e nse ee ame as 
OT, 30. 125 64. 2 73.9 AO AM Neh es ai oh cil at 
28 30. 081 68. 9 82.3 OG iirc) ia eke t 5 eis 
29 30. 116 64. 4 72.9 55. 2 Senc  Uap ae ou 
30 29. 880 70. 8 83. 3 61.5 . 02 
Means .... 30. 091 65. 1 74. 8 56) 2) 0. 144 


GENERAL ITEMS. 


Mean barometer, 30.091: highest temperature, 87.0°, date, 17th; lowest temperature, 43.6°, date, 
10th; greatest daily range of temperature, 30.5°, date 7th; least daily range of temperature, 6.3°, 22d; 
range of temperature, 18.5°; mean daily dew-point, 55 99°; mean daily relative humidity, 74.3° ; prevail- 
mean daily ing direction of wind, northeast ; total movement of, 2.950 miles ; highest velocity of wind 
and direction, 17, N. E., date 12th. 


Number of foggy days.... -.......-..- Seite 0 | Number of cloudy days .......... .....-..-. 9 
Number of clear days........--.. --...-.--- 10 | Number of days on which rain fell.......... 2 
Number of fair days ...-....-...------.-- eiaccre tL 


Deg. Fahr. Deg. Fahr 
ee Se eke Saleen neh se Go OU PLC ieer sraicteciivtte cia bia ktinre os mecaeiect. 2 ce 68. 9 
Tere Mae sass ia lo, Soi oie) bia ose (s'eidjers: nva\siisie.a wiaitie, aoe GIRO MUSE Oe ete see ee ye eles Nerejeiciel t+) oavelesereeibiera Seer 64. 4 
cP rA RN re ein 2 in oS Balatni eine S cieicieioloieieis clare GBT OR USB Or ktetsterae sors s/esciels ace ciecniaia wis micle/aicie eiszare 67.9 
ERS eetaiete sich nana /c\o's/Sislw.cie. —saiepaie iS cinisieja se sieials a='3 6 (OWE US Slet een ees ee eaicere a Scio) Sed we amansene 77.0 
LINTED 5 Se cE SERIES aOR OR Ee a GIS Ga MUS S2ie secre oc sicisleletion eitiac ciseicw es saeuosaskees 69. 1 
Peace 8 ee See ns ine ooo nneeis,« BS A UCBs ahs UCB RB GO Rees Aa aap seep mame or 65. 1 
Me ee Bhs Skew acecmae Seni 66. 9 


Inches. Inches 
TET Gy Ba ARE Te Fe ea gE Pe ETO da lie le oWeree att slate eleyelelors ark or ciauawes elsiaie oe alamiecl areas 2. 46 
TDA CE OS Sr ee eee a Ee ag ee re BR PAHS TS Des ES A ya ae ne ay SR 1. 56 
LEIS! J bo oad GaRcaa ee ee ey ented SA Cn OO Uiete re ties rave coitvctarelereioelousistalu era/wigta @ eibiee oie rete fists 3. 42 
SD TEE ass ct A ARETE: eee ree ER SAT PSG lame oy ty eoyaie ahve wel Se atsore tS as eels Siete ee eee 2.19 
ESTE no dic ae TSS Sal eae Deve Se eee TS ELS PS TREES PN Se aes eS A a pe Ope Ser aU an. Hee Pe ert Oe 7. 84 
TST, 2S es a I ee la a re Bee era el THN SESTE: I SIESISE Ra NS a a a eye 7.33 
TUSIPTE SON STIS SIS ERROR ac a a Fee 4, 93 
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OCTOBER, 1883. 


[Station, Washington, D. C.] 


Temperature. 
Daily mean ba- A : 
| Date. | x ae ince Daily rainfall. 
| Daily mean. Maximum. Minimum. 
| 
1883. Inches. ore Oke tie Inches. 
Octris lca 29. 959 58.7 66. 0 | 53. 6 $e 
a | 29. 729 63. 0 73.2 | 56.5 0.77 
3 30. 124 59.4 69. 4 | 50.7...) | ee 
i ae 30. 350 51.9 60. 0 | 45.0. Se 
5 30. 370 51.1 57.1 45.4 eemibeee ef 
6 30. 289 54,1 56.1 50.1 ae 
7 30. 299 54.4 56.7 52.1 . 03 
gi hat 30. 331 55.6 65.1 49.6. : (2 eee 
9 30. 293 57.3 72.5 44,9. eee I, 
10 30. 176 60. 4 17.4 “1 1S eee 
Thee 30. 131 66.5 | 80. 0 = 49.5. |. 
12 30. 116 68. 4 71.3 64.4 .16 
13 29. 989 73.3 | 81.0 66. 3 .10 | 
14 30. 023 74.3 84.0 66.5 02 | 
15 30. 414 50. 9 68. 0 42,7 -- | eee 
16 30. 602 44.4 53.0 37.5... ee eee 
17 30. 599 48 4 55.7 36.2 Jf: 3 te er} 
18), 30. 475 52.7 59.5 41.0 Rede stare I 
19 | 30. 286 62. 3 70.8 54°30. 0 eee | 
90° eee S30. 184 61.8 71.9 52. 4 . 20 
Gin she 30. 313 45.5 53.2 41.8 37 
22 30. 315 49.2 51.2 45.0 01 
23 30. 257 45.6 49.7 43.2 . 50 
24 30. 173 | 50. 8 60.1 42.8 2 eee 
25 30. 083 | 52.8 61. 9 41.3.) See eee 
a 30. 045 53.4 60. 6 48.1. (eee 
27 30. 137 | 54. 0 61.3 46.6 eee: Se 
ORT 30. 108 59. 2 66.3 50.6 .01 
29 29. 681 65.5 73.0 58.5 35 ) 
SO 1 29. 892 61.5 712 55.5. wile / 
FS oe 29. 954 58. 8 TT 48,9... Vikee oo 
Means S| 30. 184 | 56.9 65.5 49.3 . 085 
| \ 


GENERAL ITEMS. 


Mean barometer, 30.184; highest temperature, 84°, date, 14th ; lowest tenperature, 36.2°, date 17th; 
greatest daily range of temperature, 30.5°, date 11th; least daily range of temperature, 4.6°, 7th; 
mean daily range of temperature, 15.29; mean daily dew-point, 49°; mean daily relative humidity, 77°; 
prevailing direction of wind, north; total movement of 3,088 miles; highest velocity of wind and direc- 
tion, 27, N. W 


Number of foggy days-.----......---.--.------ 0 | Number of cloudy days -2-<22e-sees-=- seen 15 
Number of clear days .---...---.-==----.---.--- 4 | Number of days on which rain fell....-....-... 16 
INTIM DOT, Ole tale eine alee aso =e eee ee eee 12 | ; 


COMPARATIVE MEAN TEMPERATURE. 


Deg. Fahr. Deg. Fahr. 
ARTE oe esa sca Pate ee eee SSL 1878.22. Seach eee ee es eet 57.0 
1879 23. Sa) a eee ot Sao eee 65.5 171879 220 oo coe ee eee aoe head 62. 0 
ARTS. cote oe a Se Te es oy = Sala cians ee 54-9"! 1880. oo. et. elec eee 54. 9 
[NS (Oe Gone sno nc Se o5o beans 55. 9-1) 1881 .<.- cele loo oc eee 62.9 
TRIG ees no a ee eee ccc. cape meee 53) 6°] 1882. . ooo los rt eee 60.9 
STE ee ac. 65 S-o kis soa core 5007) | 1883. 2 serccisic see. 2 eee 56.9 
4877 oo eh aeons ois 2 2 a1-ie' ose eayeeminee 58. 6 

COMPARATIVE PRECIPITATIONS. 
Inches. Inches 

BST oon cere os aceon ee alin a eee ene V, BO 1898 22: os 25sec > aan ne cae a 5. 86 
ASA. 8S ee rae eaten a Ns een Oe ee a 4.83>\ 1879 0 2e502 secu peed 6.2 eee 0.79 
[tg Ee ae ie ae i oe FA SA 25 BOO ee I 5.62. | E880 222 2 ono SSeS os S230 ccd de eee 2.31 
ASAE eS eR SOR ee sper wiaistie tater iat eee 0:29 1881-2. 3 nit seh ee ee Pee) 3. 29 
ORT ee ei ae ie ee ance ae ete T. SG 19TS82 ecco Sao beewce Bose de SeS0 eee 0. 53 
Foy ( a ee Ra ER Arr 9,90" | TESS 22 e2siheee esd fea ce ae aeons See soe Dole 
Fy 5 MES RN MO ME A Sn gia, SOREL ISP IL 6.50 | 


NORTHERN SUGAR INDUSTRY. 37 


NOVEMBER, 1883. 


(Station, Washington, D. C.] 


Temperature. 
Date. cia E al = Daily rainfall. 
Daily mean. Maximum. Minimum. 
1883. Inches. OF. OF, OF. Inches. 
Nov. 1 30. 081 43.9 52. 8 ADS Sie viaccess seme! wi 
2 30. 199 43.4 47.8 Oke haga Ob: |las ceisissore eR ee 
3 30. 292 45. 2 53. 2 Sa OMe We) MiG otaroade ase 
4 30. 271 53. 9 67.0 21d Oe el i REE: FE pene ae 
5 30. 310 53. 0 66. 9 Sst Be Re eet ee RIN 
6 30 072 56. 6 63. 1 50. 1 .10 
7 30. 181 50.3 67.9 CUA Let er in| lees tea : s 
8 30. 073 52.5 60. 1 40.7 . 05 
9 29. 882 59. 4 64. 2 54. 7 5 aS 
10 29. 937 61.0 72.0 55. 8 . 08 
11 29. 933 56. 4 | 58.3 55. 1 salt 
12 30. 143 37.4 56. 2 SOR CHa imax scoala tumite ates me 
13 30. 020 41.7 49.8 SSO rare Se er Oe SES ee 
14 30. 056 38. 0 50.1 29.3 [SSS eyes epee Cane 
15 30. 218 31.9 40.8 DAMS Rere cee 2c mene a aye 
16 30. 582 25. 8 33.1 20. 8 | Sfcneh Sep eae 2 
17 30. 541 32. 4 41.8 ORS ae hhh ee ee ose ee 
18 30. 375 36. 6 52. 0 DEN) Pi rat wa hae Ni Br 
19 30. 369 42.1 58. 3 ier itealn’ Abi |l2is Sayerctin ee et crete 
| 20 80. 337 49.8 59.7 BELA Scare © | eae poe a ie 
| PALL 30. 184 60. 1 65. 5 PAC 1: 4 ilies penne eee rs 
22 30. 054 65. 8 71.9 59. 6 . 01 
23 30. 062 63. 5 67.2 60. 1 0 Pe 
24 30. 217 57.9 64. 4 55. 1 . 02 
25 30. 379 | 48.9 55. 4 47.9 tes Tea Te me Sar 
26 30.177 48.6 51.0 45. 6 “) 31D 
27 30. 455 39. 2 49. 0 Pay EL i eh Mince eee eee mea et Aer ee 
28 30. 444 40. 0 50. 0 DOR SEI Al cote aloes ene 
29 30. 406 Bila 24 43.9 OY ite \ ach A WEEN ee iS Shar 
| 30 29. 999 43. 8 53. 4 2 1515) Cah a RS eR eas eT 
Means..... 30. 208 49. 2 58. 6 41.3 0. 04 


GENERAL ITEMS. 


Mean barometer, 30.208; highest temperature, 72.0°, date i0th ; lowest temperature, 20.8°, date 16th 
and 17th; greatest daily range of temperature, 31.2°, date 19th; least daily range of temperature, 3.2°, 
date 11tb ; mean daily range of temperature, 17.4°; mean daily dew-point, 39.5°; mean relative humid- 
ity, 73.8°; prevailing direction of wind, south; total movement of 3,179 miles; highest velocity of wind, 
and direction, 23 N. W., 12th and i4th. 


Wumberiot foray, days.-...2--2.+------2¢5., 0; Numiberioficloudy days -2-.-2-..2+-.¢+2--45 10 
Number of clear days ...-..- pees en cosets 12 | Number of days on which rain fell ........-- 12 
Nprmiber Of fair daysss6 oo). <= cco sie etn cewek 8 


Deg. Fahr. Deg. Fahr 
LL Leo 720 OAL eae ee al ane er cig es Bis | DESO d a oS Cie ACER ea Se eS a Ne a 45. 4 
Sime eis cots eee tae ad Ute a le AON ES TOR eee ete ciate ore te ee eisai le spe Sano Mie a sieloig oe 45. 6 
MEE eli osc cienore® cia lm nic iaiateva 3 sc oem Sacks AOS SYA) TASES Si Se Ge ae 40. 2 
2ST Eas ci aS an ea Aa nS Meee ys Mire tanec es Sata fale wind einisis 47.5 
USD) ..06 cee Ree ene RANE A cet shcpas ee uprnte as ASUS OG eal SO rere haar sess era ae ses Witla es Stok 2 claea a 42.9 
22) 2s oc '5 Sc Se a Ra elle Sa a ge ANS, D) | SENSES din nee a ec pe RSA pe ae 49. 2 
Lo) C2200 SSS 5 ee ee ns oe ae eae 46. 2 


COMPARATIVE PRECIPITATIONS. 


Inches. Inches 
Lie E! seh hss AN Oe aie EROS aE pels ream AES Sal S Spee tee are ele wees See a Api RS 3. 03 
TSMR 5 col ies eli UNG aI rR oe EON ee a ga RE BS Tay Nps TESTU Ce cok ae 0 Ss I SU ee NAR ge Ie Ya 1.10 
LESTE wel ales Nes Sees get ER So a SHG MSS Oem n ign ems yet EG ewe gk ee 2. 48 
LEST Se hice AR TES NA RO GU a eeu Poe ONO Sa MS Slee Oates Wael sity oe eae Cy Chin annd ears bk ae 2.45 
LSE. coed SAE Rae I On nL Se naa BY SOE Ih TUSTIN Bc et Re gS PO a 1. 33 
LSID. Cake oe ee ene ce ae nm pa ec eee TSS | mals Scher oeee cere ee epsia ar siete. faite cieialcsiete oisiale aie el steisiacos 1.19 
SGU es tyne te ae a DS 7.18 
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COMPARISON OF TEMPERATURE AND PRECIPITATION FOR MAY, 1883, 
WITH THOSE OF THE TWELVE PRECEDING MAYS. 


. oFahbr 
Mean temperature for May, 1883 ..:. 222 22222 2..225 2602 2222 See eee 63. 6 
Mean temperature for twelve preceding Mays ..-..-.....---------- ence ne cee eee . 


Seven of the twelve preceding Mays had a higher mean tempera- 
ture, viz, 66.0° F. Three of them had a lower mean temperature, viz, 
61.29 F. Two of them had the same mean lower temperature, viz, 
63.6° F. 


Inches 
Precipitation gor May, 1883. 25. 2252 Seas eee ee eee nae eee iene ae 2.5 
Mean precipitation for twelve preceding Mays ....-..-..-...----------- eee A 2.44 


Seven of the twelve preceding Mays had a greater mean rainfall, viz, 
3.02 inches. Five of a had a less mean rainfall, viz, 1.62 inches. 


°F ahr. 
Mean temperature for June, 1883.22. -5. 220.32... 2b 2... cos de eee 74.4 
Mean temperature for twelve preceding Junes - ...--.---..-------------------- 73.6. 


Four of the twelve preceding Junes had a higher mean temperature, 
viz, 75.9° F. Hight of them had a lower mean temperature, viz, 72.5° F. 


\ Inches. 

Precipitation for June, 1883 2.2.2.5 2.6 de2 2 2tos2 ste be. eee ees 2 8. 55 

Mean precipitation for twelve preceding Junes....-...-.-..---------------:--- 3.86 
Not one of the twelve preceding Junes had a greater rainfall. 

oFabr 

Mean. temperature for July,-1883 020.2022 cece doce + cee a chee d/o 76. 8 

Mean temperature for twelve preceding Julys...--...--------------+------ cite Seal 


Nine of the twelve preceding Julys had a higher mean temperature, 
viz, 79.1°F. Three of them had alower mean temperature, viz, 75.5° F.. 


Inches. 
Precipitation for July, 1883. nine teeing 0 oe ae 4,73 
Mean precipitation for twelve preceding Julys -.-.......---.--------4----2---- 4.08 


Four of the twelve preceding Julys fad a greater mean rainfall, viz, 
6.52 inches. Eight of them had a less mean rainfal , viz, 4.02 inches. 


OF ahr. 
Mean temperature for August, 1883... 0%. 2eciei- 22 eee decent ot ee es ee 
Mean temperature for twelve preceding Augusts ........--..--.- 2 ty Sonle! <a 


Ten of the twelve preceding Augusts had a hiehorn mean n temperature, 
viz, 75.69 F. Two of them had a lower mean temperature, viz, 71°.7 F.. 


Inches. 
Precipitation for August, 1883 - Noe voce ce ldae cnt a ee oie olen ann 
Mean precipitation for twelve pieeeaune Anenete 2 cele o's ble She Slate aid) oer 5. 16 


Hight of the twelve preceding Augusts had a greater mean rainfall, 
viz, 6.52 inches. Four of them had a less mean rainfall, viz, 1.77 inches. _ 


°F ahr, 
Mean temperature for September, 1883 ..... . 2261) nee oles osnle eee a eine oe ee 
Mean temperature for twelve preceding Septembers ........-...--------------- 68,2 


Nine of the twelve preceding Septembers had a higher mean tempera- 
ture, viz, 69.99 F. Threeof them had a lower mean temperature, viz, 
63.79 F. 
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Inches 
Se REMLBNIMMEPAE SOD ECMINOE, LOS: © 22: t  cclg sce Sto Ca tap ene oe a a eeje soe cece 4,33 
Mean precipitation for twelve preceding Septembers ........-....-..---. 2-2-2. 4,31 


Four of the twelve preceding Septembers had a greater mean rainfall, 
viz,7.85inches. Hight of them had a less mean rainfall, viz, 2.58 inches. 


¢ °Fahr 
MEP aMCEInBES SOF OCONEE LGS5 2.2. o.oo 2 ae Hobe ae cee owe eee eee es we 56.9 
Mean temperature for twelve preceding Octobers..-...--.........--.---.------ 57.9 


Seven of the twelve preceding Octobers had a higher mean tempera- 
ture, viz, 60.79 F. Five of them had a lower mean temperature, viz, 
54° F, 


Inches 
Peete tor Cletmbor 1eGe 9500. 2 2.2 Pe) ete ek oe SLB SG3 
Mean precipitation for twelve preceding anes pet peep oB tees? choy, Shite ea pce iS 


Six of the twelve preceding Octobers had a greater mean rainfall, viz, 
4,84 inches. Six of them had a less mean rainfall, viz, 1.21 inches. 


. ° Fahr 
Mean temperature for November, 1883 ....-..--.- SpE is dim eR a ee 49,2 
Mean temperature for twelve preceding Novembers........--...----..-------- 43.6 


Not one of the twelve preceding Novembers had a higher mean tem- 
perature. 


Inches 
eens HE WWOVEMINOr, 15000" 25 Soe. so. 2 See ics 2 Sos ebe coe cee. Lace eces rag 
Mean precipitation for twelve preceding Novembers....-.......---..--------- 3. 18 


Eleven of the twelve preceding Novembers had a greater mean rain- 
fall, viz, 3.26 inches. One of them had a less mean rainfall, viz, 1.10 
inches. Nees 

On September 10 I found the greater number of seed heads of the 
Early Amber cane ripe and the seed quite hard. A few of these canes 
were cut, the juice expressed and analyzed. The result of the analysis 
showed a percentage of 9.17 sucrose, and 4.83 of other sugars. 

In spite of this discouraging outlook, I determined to begin opera- 
tions at the mill, in order that the experimental season might be as long 
as possible. A few tons of cane were brought in on the 11th of Sep- 
tember, and on the morning of the 12th I began milling. 


METHOD OF OPERATIONS. 


In order that the analyses might represent the average composition 
of the canes, the samples of juice were taken directly from the receiv- 
ing tank when it was full. I was convinced that however interesting 
and valuable from a scientific point of view the analyses of selected 
canes night be, yet they would never give to the farmer and manufact- 
urer data upon which it would be safe to base the results of large field 
and mill operations. I therefore considered it to be of first importance 
that the analytical work should represent precisely the character of the 
operations taking place at the mill. 


! 


40 . NORTHERN SUGAR INDUSTRY. 
WEIGHT OF CANE. 


The canes unstripped were brought from the field after the seed heads, 
with a part of the stalk averaging about 12 inches in Ae had been | 


cut off. 
WEIGHT OF JUICE. 


The defecating tanks receiving the juice were two in number. In all, 
sixty defecations were made in the large tank and five in the small one, 

The average quantity of juice received in large tank was 548 gallons, 
which multiplied by 60=32,880 gallons. The average quantity of juice 
received in small tank was 301 gallons, which multiplied by 5=1,505 
gallons. In addition to this must be reckoned juice used for fermenta- 
tion and other experiments, which may be estimated at 1,000 gallons. 
The total number of gallons of juice expressed, therefore, from the Early 
Amber cane is 35,385. The average specific gravity of this mill juice 
was 1.06, and the weight of one gallon 8.84 pounds. 

The total weight of juice expressed was 35,385 x 8.84=312,803 pounds. 

The percentage of juice to gross weight of cane was 41.9. The per- 
centage of juice to net weight of cane was 312,803~—671,715=46.60. 


A POOR YIELD. 


The yield of juice was remarkably poor. This was due to two causes, 
viz: (1) The cane was crooked, broken, and tangled, so that it was al- 
most impossible to get an even feed; and (2) the mill, built on the 
model of mills designed for tropical cane, was not suited to grinding 
the weak and yielding stalks of sorghum. 

The mill was constantly choking, the canes, after passing the first 
rolls, becoming tangled in the “knife” and forming into a wad that 
would not pass the second rolls. 

In order to make the mill work it became necessary to loosen the third 
roll somewhat, and this allowed the canes to pass without sufficient 


pressure. 
WEIGHT OF BAGASSE. 


A few experiments were made to determine the percentage of juice 
expressed by weighing the bagasse. 

On September 14, 6,700 pounds cane gave 2,730 pounds of bagasse 
and 3,970 pounds of juice = 59.2 per cent. 

On Septediene 27, after the rolls had been opened to allow more rapid 
work, 3,420 pounds cane gave 1,660 pounds of juice=47.9 per cent. 

On October 1, 2,160 pounds cane gave 970 pounds juice = 40.3 per cent. Y 

On October 3, 2,360 pounds cane gave 1,200 pounds juice=5U).8 per cent. 

On October 5, 2,020 pounds cane gave 940 pounds juice=46.5 per 
cent. 

Since all the juice expressed was ee cis I did not think it neces- 
sary to continue these weights. Those that are given, however, only 
give additional emphasis to the results obtained by measuring the juice. 
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AVERAGE YIELD OF SINGLE MILLING. 

With a three-roll mill, especially adapted to working sorghum, I think 
a yield of 55 to 60 per cent. in weight of juice is all that can be expected. 
with unstripped canes. In 1882 the Lafayette Sugar Company, in fif- 
teen weighings of cane and bagasse, showed a yield on clean cane of 
65 per cent. But this is higher than can generally be expected. Asa 
result of several years of observation and experience, I am convinced 
that the average yield of three-roll mills on unstripped cane of all kinds 
does not exceed 50 percent. By double milling, with intervening steam- 
ing or moistening with hot water, much better results are obtained. 

Unfortunately no exact data of the working of such mills are at hand, 
and I van but regard as extravagant the statements which have been 
made which claim a yield of 75 to 80 per cent. of the weight of the cane 
milled in juice. Experiments in this division have shown that sorghum 
cane contains of water and substances soluble therein about 89 per cent. 
of its weight. ; 

A perfect extraction of the juice by milling, therefore, would give 89 
pounds juice to each 100 pounds of cane. It is needless to add that no 
system of milling now in use comes near realizing this ideal yield. 


PERCENTAGE OF JUICE EXTRACTED. 


The weight of juice extracted by the mill was 41.9 per cent. of the 
weight of the cane ground. 


CANE WORKED FOR SUGAR. 


Of the total weight of 746,350 pounds of amber cane, all but 174,000 
pounds were worked for sugar. The quantity of juice boiled for sugar 
_ was 572,350 x 41.9=239,814 pounds. The percentage of sucrose in this 
juice determined by the mean of the analyses of each ténkful was 8.77. 

The sugar not sucrose (invert sugar, optically inactive sugar, and 
other substances reducing the alkaline copper tartrate mean of all the 
analyses) was 4.00 per cent. Total sugars=12.77 per cent. Total 
solids=14.14 per cent. Solids not sugars=1.37 per cent. Coefficient 
of purity =62. ai, ? 

It will be of interest to compare these results with the analyses of 
ripe Amber canes made in this division during the years 1882, ’81, ’80, 
and 779. 


Per cent. 
For 1879, the average of sucrose (14th stage*) was ...-.....-22..----2 2-02 ---- 12, 44 
Horis(o, the average of other sigars WasS-....-+2-.------ 2. --- .2-. s<---=--- 1.16 
For 1880, the average of sucrose (1,127 analysest) was .-...----..------------- 13. 85. 
For 1se0, the average of other sugars wa8.----.-----------<-<-.---2-) +--+ --e- 1.64 
For 1681, the average sucrose (59 analyses) was _-.. ..-.-..+----------+----+-- 15, 29 
Portes, the average of other sugars was..-.-:-.-...---------6----+-2--++--- 1. 62 
Ber iss, theaverase of sucrose was...--2: 202. 24+. s.cee- bbe e eee abe eee ee 10, 48 
Boriss2, the average of other sugars was.....-..-.--2-----.)--+-.0----+- gace Leos 
For 1883, the average of sucrose (137 analyses) was.-..-.--.--.---------------- Bard. 
For 1883, the average of other sugars was’...-..-.-.-----------+ --2 eee eee eee 4. 00 


*Ag. Rept., 1880, 781, p. 452. tAg. Rept., 1880, ’81, p. 493. 
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The striking inferiority of the canes of this season is at once apparent. 
It appears to be due to the cold season, especiaily in August and Sep- 
tember, and to the fact that the whole field was prostrated by the storm 
of September 11 and 12. 

To make crystallized sugar out of such an unpromising juice was an 
almost hopeless undertaking. 

While I am sorry that the meager yield of sugar has been adisappoint- 
ment, not only to you and the friends of the industry throughout the 
country, but also to this division, yet I do not see how, with the char- 
acter of the cane, and the method employed, it could well have been 
greater. 


~ 


MANUFACTURE. 


The method of manufacture was an extremely simple one. As the 
juice flowed from the mill bisulphite of lime solution* was allowed to 
drop into it, about 1 quart-to each 100 gallons of juice. | \ 

The object of adding the bisulphite of lime is to prevent fermenta- 
‘tion. Raw sorghum juice, in a very short time after it is expressed, 
will begin to change unless some measures are taken to prevent it. In- 
stead of the lime bisulphite the juice may be brought at once, on com- 
ing from the mill, into contact with sulphurous dioxide (sulphur fumes). 

The bisulphite method has this advantage, viz., the quantity of sul- 
phur introduced is under complete control, and can be varied to suit 
the quality of the juice at hand. 

Arriving at the defecating tank,t the juice was heated to about 60° 
to 70° C. (125° to 140° F.). The steam was then turned off and milk of 
lime (specific gravity, 15° B.) added, with constant stirring until litmus 
paper showed exact neutrality. The temperature was then rapidly 
raised to the boiling point, but the liquid was not allowed to boil. After 
five minutes the scum was removed and the liquid allowed to flow 
through bag filters into a receiving tank below. Thence it was pumped 
into a large concentrator, and the steam turned on gently, so that the 
foam would come nearly to the top of the pan. This foam was now 
swept off (into a gutter running around the pan) until it became per- 
fectly white and clean. 

The steam was now turned off until the fein settled, and then turned 


* Analyses of lime bisulphite employed. 


1 2. B} 4, 
Specific gravity........ Seah PAP eee es tks Sine Se eS EOE AEP EEA. Lp ve I. O7 881) 3 wee ee 1. 0755 
Per cent. of lime, 2c2 eee ee eet ok be ce aie ee a eee eee eer 2.1 2. 28 40. 32 0. 82 
Wer cent; Of SOs. 3a eh. Se ee nae oe wn oes ele Se Cee ee as eee ne is 35 6. 40 23. 04 6. 47 


No. 3 was a a finane bomeonetie the re were liquid. 


tDimensions of tank: length, 59.5 inches; width, 42 inches; average depth of 
juice, 33 inches; heating surface, 79 square feet, 2 inches copper pipe. 
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on with a full head, so as to at once Unvony the whole mass into violent 
-ebullition. 

For this end the pressure of the steam ought not to be less than four 
atmospheres (60 pounds). 

The boiling was continued until the sirup marked 20° B. while still 
hot. It was then dropped into a receiving tank, whence it was sucked 
up into the vacuum pan and concentrated to 44° to 45° B. 

With juice of this kind I found it impossible to “ boil to grain,” al- 
though many faithful attempts were made. It was not difficult to start 
the crystals, but with a sirup so poor in sucrose and so rich in other 
-Sugars it was quite impossible to nourish them. 

When sufficiently concentrated the mass was dropped into wagons 
holding three hectoliters.(85 gallons) and placed in the crystallizing 
room. 

This room was kept at a temperature of 40° C. (106° F.), and after five 
to ten days the crystallization was complete and the melada ready for the 
centrifugal. The sugar made in this way, while of course raw, never- 
theless had a nice yellow color and an agreeable flavor.* 


CANE WORKED FOR SIRUP. 


The cane which was harvested from September 29 to October 3, in- 
clusive, was so very poor in quality that no attempt was made to crys- 
tallize the juice. 

The total weight of this cane was 174,000 pounds; its content of su- 
crose was 6.73 per cent., and of other sugars 6.16 per cent. 


Per cent. 
LOSE DUPRE BS ER eee Re Eee eee Re et a 12. 89 
Wotalyseladst-): 22. 2 2i0. 52-5. “Je. TES ER Re 2 Se) OE ae a 13. 64 
SELES Ow SUM. Sah ON ae gis ER Ca ct ee 76 
CDC GTE CLF TOUR oe ae tae Sa ar eg rie ga eee 50. 00 


Since long experience has shown that substances other than sucrose 
in solution prevent their equal weight of sucrose from crystallizing, it 
is apparent that in such a juice all hope of obtaining crystals must end 
in disappointment. 

The quantity of sirup made from the 174,000 pounds cane was 1,104 
gallons. The weight per gallon was 11.5 pounds. 

Total weight sirup made, 1,104x11.5=12,696 pounds. Number of 
gallons of sirup per ton of cane, 12.7. The sirup’is of fine flavor, but 
rather dark in color, owing to using lime to exact neutrality. 


NOTES ON RESULTS OF WORK. 


1. Single milling, ¢.e., passing canes through one three-roll mill, gives 
So poor a yield that it will have to be abandoned for sorghum working. 


*The weight of sugar made from 572,350 pounds of cane was 7,160 pounds, or 1. 24 
per cent. 

The per cent. of sugar Hot ae. from the expressed juice was 7,160 x 100 — (572,350 x 
7419) == 2.99. 


If 60 per cent. juice had been expressed the yield mond have been 35.7 pounds per 
ton of cane. 
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Tropical canes seem to mill better than the stalks of sorghum, and sin- 
gle milling of such canes may continue to prove profitable. It is evi- 
dent, however, to every practical worker that a system of expression 
which gives only 45 to 50 per cent. of the total juice of the cane is too 
wasteful to meet the continued approval of farmers and manufacturers. 

Double milling is doing much to remove this difficulty. This division 
has made only a few experiments with double milling, and these show 
a yield of nearly 65 per cent. of weight of cane. In the establishments 
where this process has been used only estimates have been made of its 
efficiency. These estimates, however, may be wide of the truth. I 
think, however, we may safely say that double milling increases the - 
yield of juice 10 to 15 per cent. 

2. The soil in the vicinity of Washington is not suitable to the growth 
of sorghum cane. It is true the yield of cane this season was far bet- 
ter than it has ever been heretofore since the Department undertook 
experiments with cane-raising in this locality. When, however, care- 
ful planting and cultivation and liberal fertilizing, combined with a 
fairly favorable season for growth, fail to produce 10 tons of cane per 
acre, it must be admitted that there is a radical defect of soil. The 
climate of Washington, however, is peculiarly favorable to cane growth. 
Early springs, warm summers, and late falls are all that the practical 
cane-grower could demand. 

A sandy loam appears to be the most favorable soil for cane. Yet, it 
should not be forgotten that sorghum is a hardy plant; it will grow even 
under the most unfavorable conditions, and rarely proves a complete 
failure. 

3. Manufacturers and intending manufacturers should not base their 
calculations for the yield of sugar on working canes containing 12 per 
cent. sucrose and onlv 1.5 to 2.0 per cent. of other sugars. I doubt 
whether any field of sorghum of 10 acres extent has ever been raised 
which would give such an average result. In the present state of the 
industry it would be much safer to count on 9.0 per cent. sucrose, 3.0 per 
cent. other sugars, and 2.0 per cent. solids not sugar, as an average of 
the crop from year to year. 

1 think this division would be guilty of a great public wrong were it 
by any kind of select results or enthusiastic coloring to induce capital- 
ists to invest money where they would be led to expect a higher return 
than the actual facts warrant. 

The results of the analyses made this year, poor as they are compared 
with those of former years, may nevertheless prove of great advantage 
to those who are proposing to practically engage in the sorghum-sugar 
industry by causing them the more carefully to consider all the difficul- 
ties which they will have to meet. : 


EFFECT OF THE STORM OF SEPTEMBER 11 AND 12 ON THE CANE. 


The violent northeast storm which occurred at the beginning of the 
working season completely prostrated the Amber cane. The heads of 
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Fic. 4.—Effect of storm, September 11 and 12. 
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this variety of cane were heavy. As soon as the ground was softened 
by the rain the stalks could no longer resist the force of the wind. 

The illustration shows how the ripe cane was prostrated, while a less 
ripe variety was left uninjured. 

The Amber canes were so nearly mature that they had no power of 
recuperation and remained prostrate. A few stalks only of the Amber 
remained standing. Ten days after the storm a few of these canes were 
collected for analysis. For comparison the same number of fallen canes 
were taken at the same time and from the same locality. The fallen and 
standing canes were as nearly alike in size and general appearance as a 
careful selection could make them. On October 8 another similar col- 
lection was made. 

The results of the a of these canes are found in the appended 
table: 


Comparative analyses of fallen and standing canes, illustrating effect of wind storm on canes. 


| | | i 
; =| 
= ise ; = ak 
eS 2 = 4 : =F e | 
ie S & 6 Be ee al ee S| 2s 
= ~~ 2D 
= Date. = = 3 a S oa 2 : 3 
a RS 2 a Pav ead Wishes Oe a= 2 |S |e 
S al = D i n D 5 a) 5B = 
am Heol opal — (=) i=) raed — 2 
© zc S) © pe o. e =) 5 = - g 
6|- S 2. S oo) Bs |S) ee ee ee 
A oO N H 0) o) H <q 4 6) 414 
1883. . Per ct.| P. ct.| P.et.| P.ct.| P. ct.| P.ct.| P. ct.| P. et. 
1 Seplener 20 eee Standing..| 1.0692 | 15.665 |11.84 | 3.12 14.96 |...... .543 | 75.7 | 8.01 | 15 
Delerwen do oe est Dowae U: 1. 0662 | 14.501 |10.45 | 3.80 14.25 | .213 | .448 | 72.0 | 6.40] 15° 
3 September Ot ae Standing..| 1.0708 | 16. 758 |11. 88 | 3.01 |14.89 | .256 | .617 | 71.0 | 7.00 | 25 
Aba sens GOs yet Bey OWA ess oc 1. 0571 | 13.359 | 8.39 | 3.64 |12.03 | .244 | .541 | 62.6 | 3.37 | 25 
5 | October 8 ......----. Standing..| 1.0734 | 17.074 |11.99 | 2.76 14.75 |...... .475 | 70.2 | 6.91 6 
G2 aoe Go. fos cee Downie sy 1, 0660 | 15.775 |10. 34 | 3.80 14.10 |.-..-. . 436 | 65.5 | 4.90 6 
a 2 3 . | 
Baers 8 ‘¢ | og | BO ao eee 
s R sS re ro = R a) 
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nD Oa ~ * ev , = e | 2 5 
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é 3 aiualeaee Ce em se 
: =| 4 ) Oo Cb) ) 
© iS) Co) Ce) C) 
Ai 5 = E Ee E E A Bee | Rs 
1883. Kilos. | Kilos. | Kilos. |Kilos.| Kilos. 
1 | September’ 20. o0 245-6. o. Standing..| 9.280 | 6.992 | 1.477 | .812 | 2.339 |; 15.9 / 10.5) 70.1 
2 MOS eae cee eee clas Own..... 9.550 | 7.236 | 1.359 | .956 | 2.350 | 14.2 | 11.7 | 67.5 
3 esha wap Wile eg sacbaod: Stand g..| 10.483 | 7.796 | 1.609 | .924 | 2.790 | 15.5 | 10.6 ff 64.2 
A OY Lie as nee teteeale tevete Down..... 6.024 | 1.446 | .698 | 2.060 |......| 10.4 | 65.8 
5 Guach Biro atoncooe mene s ..| Standing SB 260M ee a aece ios can Cle res 1. 400.4) a oe errors |e eer 
Cale eeins G0) 2 Sh ececooeeele Boe Down..... DF GO ic stabacteee:lieicis cae laaek oe 1, O20 | asec -5 | romrers| late stem 


The above analyses show that the effect of leveling the canes is most 
disastrous. The percentage of available sucrose was diminished by at 
least two units from the effect of the storm. Inasmuch as the percentage 
of available sugar in the juices worked was, in round numbers, three, 
it is seen that had there been no storm the amount of sugar made from 
the cane would have been nearly doubled. 

In all localities subject to equinoctial storms the above figures will 
be of considerable interest. 


za 
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ANALYTICAL RESULTS. 

In the following tables will be found the analytical data derived from 
the analyses of samples of raw and defecated juices and semi-sirup, 
taken in the manner already described from the large tanks during the 
process of manufacture. . 

In Table III each semi-sirup represents the whole of the juice operated 
on from the preceding date in table No. I. 

Thus the analysis No. 3, Table Ili, is a semi-sirup made from juice 
represented by analysis No. 1, Table 1; No. 6, Table II, is from No. 4, 
Table I, &e. 


TABLE I.—Analyses of raw juices taken from receiving tank. 
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134 | Oct. 13 | 1.0566 | 13.00 | 11.79 6. 40 6.71 5. 08 51.6 6623 | .029 : .181 59. 4 
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TABLE II.—Analyses of defecated juices taken from receiving tank. 


{N. B.—Each number in the following table represents the raw juice designated by the next preceding 
number of TableI; thus No. 65 of this table is from the same tank as No. 64 of Table I.] 
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TABLE III.—Analyses of semi-sirups from Amber cane. 
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CONCLUSIONS FROM TABLE TI. 


The best Amber juice of the season was obtained September 19, 
analysis No. 30. 

The substances in solution in this juice, aside from the sugars, were 
only .44 per cent. ! 

No. 107 might have proved a better juice, but the data for computa- 
tion are not complete. 

Direct polarization gave a mean result (viz, 8.72 per cent.) somewhat 
higher than that of double polarization (viz, 8.38). This shows that 
there was present in the juice dextrogyratory matter not. sugar (viz, 
soluble starch, gum, &c.) more than enough to counteract the levo- 
rotatory power of the invert sugar present. 

The error which may arise trom relying on a single polarization is 
illustrated by such analyses as Nos. 18, 23, 42, &c., in which the first 
polarization gives results too high; and in Nos. 67, 73, 76, 78, 80, &c., 
in which the results are too low. 

In cane, ripe and lately harvested, the results of single polarization 
are quite reliable. In injured or long-harvested canes they are too low. 
In canes containing large quantities of starch and gum they are too 
high. | 
CONCLUSIONS FROM TABLE II. 

As is to be expected the effect of defecation on the juices is to in- 
crease the percentage of ash, this being in Table I, .5685, and in LH, .579. 
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This small increase shows, however, that most of the lime added in de- 
fecation was removed in‘the sediments formed and by filtration through 
bags, since the concentration which takes place in defecation is almost 
sufficient to account for the increase. 

‘The results of single and double polarization agree more closely than 
in Table I, being 8.91 per cent. and 8.62 per cent. respectively. 

The process of defecation therefore has removed a great deal of the 
substances (starch, gum, invert sugar) which disturb polarization. 

The increase in the percentage of sucrose is « ue to the concentration © 
already alluded to. 

The iucrease in uncrystallizable sugar (from 4.09 to 4.32) is greater 
than can be reasonably accounted for by concentration. bi 

The coefficient of purity was raised by defecation from 59.2 to 60.4. 

This increase was not as great aS was expected, nor so much as was 
secured by carbonatation as deseribed further on. 


CONCLUSIONS FROM TABLE III. 


In as much as the juices were reduced to semi-sirup in an open pan 
it will be of interest to study the effect of this proceeds on the inver- 
sion of the sucrose. 

The ratio of anoptose, &c., in Table II to sucrose by doubie polariza- 
tion is 

4.32 >.8:62 == 1: 1.995. 
In the semi-sirups it is 


16.28 : 30.081 : 1.848. 


It is thus seen that a considerable loss of sucrose has occurred by 
inversion. This confirms the results of double polarization which show — 
that there is much more invert. sugar in the semi-sirup than in the 
juices. 

These results give additional emphasis to the fact that sugar juices, 
immediately after defecation, should be concentrated in a vacuum. 


AMBER CANE GROWN IN INDIANA. 


In order to determine the influence of soil and climate on the sugar 
product of cane, the Lafayette Sugar Company, Wea, Ind., engaged: to 
plant and cultivate five acres of early Amber cane for the Department 
of Agriculture, to work the same to a semi-sirup weighing 25° B. hot; 
to put the same in barrels and send to Washington. 

The soil in which the cane was grown was alight sandy loam, with 
gravel, then clay subsoil, and quite hilly. 

On the top of the hills the soil was full of gravel and quite unpro- 
ductive. The field had been in cultivation fifteen years, mostly in corn, 
and had never had any fertilizer of any kind. Theaverage yield of corn 


on the patch put in cane had been about 20 bushels per acre. The ground ~ F 


\ 
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was plowed with a common two-horse plow, and harrowed. The cane 
seed was drilled in rows 34 feet apart on the 3d of May.* The seed 
had been previously steeped in tepid water for forty-eight hours. The 
plants generally came up in a week. The young plants suffered much 
from cold, wet weather. The cane received two hoeings and three 
plowings, with double sulky cultivator. There was a heavy frost the 
morning of May 31, injuring the young plants somewhat. 


Meteorological data from the official records of Purdue University, seven miles from cane- 
field, Wea, Ind. 


Total rain! Wind. 


| 
Temperatures. 
Mean ‘ eeia | walt 
Months, 1883. - caval a ; ——| relative | | 
pressure. humidity. | melted ene 
Mean. | Max.} Min. | “*; snow. | Total. | Daily. |Hourly. , 
| | | | | 
; : ME Inches. 9 ©) 9 Inches. | Miles. | Miles. | Miles. 
Wiehe Ze GREG a meme aaen es 30.000 | 53.42 | 82. AO ay ee eae ere | 4.29 | 5,902. | 210.70 8. 78 
uh Ceee ety se ft 29.990 | 65.36 80. DAG et eeteerci | 4.96 | 5,720. | 220.00 9.16 
Jl teen Sean ene eal) G0, COB jn TAR SS |) SO Samia ee es 4.68 | 5,272. | 170.06 7. 08 
ANTHEM Ae ee eee 30.1381 | 68.75 | 89. DOs Al sisbee acs | 1.77 | 3,565. | 142. 60 5. 94 
September :.-02 2% 5-2... 30.471 | 61.22 | 87. 32. 74. 26 | 1.46 | 4,986. | 184. 66 7. 69 
K | | 


Mr. Deming, the superintendent, writing under date of August 3, 
Says: 
The season has been remarkable for the number of heavy rainfalls, accompanied 


with strong winds, damaging the cane considerably. At2p. m. this day the ther- 
mometer registered 39°. 


During the latter part of September I went to the company’s works 
at Wea (West Point post-office), Ind., to superintend the working of 
this cane into semi-sirup, which was done on the 1st and 2d of « ctober. 
The method employed was the same as has been described for the cane 
here, with the exception that the juice as it lett the mill passed through 
a sulphur box, where it was thoroughly mixed with the fumes of burn- 
ing sulpaur. This removed the necessity of allowing the lime bisul- 
phite to run into the juice as it left the mill, and this chemical was there- 
fore added first when the juice reached the defecator. 


PRODUCT OF CANE, ETC. 


A heavy rain and wind storm on the night of September 29 had com- 
pletely prostrated the cane, and the whole of it was gathered and 
weighed very wet. I therefore made a deduction of 23 per cent. for 


this increase of weight. ay 

ee meet pst rm (ie, le erence bra er. gta e Ss Se ae tons-.- 48. 
ES WOW COM sue es See so cce's wee oct GAN AE east LS eh a ae a Shee See 46.8 
Pre Mmeamen (es NMAted em ene ir Ns ON ep es do..- 42. 
REV) QSPOIP ESL glee Sip ie Se = ee gallons.. 5,309. 
I CCIMEWOTAG ICY: xitac 5507 fy) 02 ABS AUN Sb ALT Ee degrees B..- 7.99 


' 
“About one acre of. this which did not make a good stand was replanted the last 


week in May. 
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Demperature joc 7 oho te aes ee ee eee eee degrees F.. 68.8 
Weight of juice expressed ._-.:-.-+-.- soles hats ERE A I Oe Be ea pounds.. 46, 982. 
Juice expressed (gross weight cane) -.----- He Pe a ee ne Pe ee Sa per cent-. 50. 
Juice expressed (met. weight cane) 23285 o.oo ee ne eee do 5d. 9 


The mill used was Squeir’s No. 2 Louisiana. 

The semi-sirup made amounted to 1,014 gallons, measured cold; spe- 
cific gravity, 27° B.=1.225. One gallon, therefore, weighs 10.17 pounds ; 
total weight, 1,014 gallons=10,312 pounds. 

This semi-sirup was putin barrels and sent to Washington by freight. 
It arrived there on October 25, and was immediately boiled in the vac- | 
uum-pan. 

The crystals were easily started in the pan, and grew to full size in 
about ten hours. ) 

The melada was ready for the centrifugal as it came from the pan, 
and some of it was swung directly from the pan, yielding 50 per cent. 
of good sugar. 

I did not succeed in “ boiling to grain” with any other sirup exert 
these two ‘ strikes” from the Indiana cane. 


SUGAR OBTAINED. 


The weight of sugar obtained from the Indiana cane was 2,860 pounds. 
This gives a percentage of 3.39 on clean cane ground and 6. 09 eee cent. 
of the weight of juice expressed. 

The result of the experiment with the Indiana cane was in every way 
encouraging, and served in a manner to diminish the disappointment 
which attended the work in other directions. 

A yield of over 60 pounds of sugar to the ton when only 50 per cent. 
of the weight of cane was obtained in the expressed juice is an indica- 
tion of what may be obtained in the future with better milling or a 
more thorough extraction of the sugar by other methods. 


ALALYSES OF CANES, SIRUPS, AND SUGARS FROM INDIANA CANES. 


These canes were cut, the leaves and tops left undisturbed, the cut 
surface covered with melted wax, and the whole wrapped carefully in 
paper and sent by express to the laboratory here for analysis. 

Nos. 1 and 2 were cut in the afternoon of October 1 and analyzed 
October 4, having been three days on the road. 

No. 1 was a sample of eight selected canes. No. 2 was a sample of 
sixteen canes taken seriatim from an average row, and represents the 
cane as a whole. It seems to have deteriorated very little in transit, 
and the analyses of the semi-sirup go to show that the average of the © 
whole patch was about a mean of the results of Nos. 1 and 2. No.3 
was cut at 4 p. m. October 1, and analyzed October 6, at 9 a. m., an in- 


terval of four days and seventeen hours. The results of this analysis 


show that the cane had greatly deteriorated. 
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From this it appears that canes even carefully prepared and pro- 
tected will not keep in good condition longer than three days in warm 


autumn weather. 
TABLE OF RESULTS. 


Other 


iana canes and sirups. . 
Indiana canes sirups Sucrose sugars. 


= 


Per cent. | Per cent. 
2. 30 


iNowlersample of eight selected: Canes 2.6 6125 22 nc geese sents e Gece mcecee se eee 13: 25 

No. 2. Sample of sixteen AN CLAS CUCAMOS eee eae seine creel Neettcln ate alesis ie @iaiers = 2) icicicieie 10 73 33 7A 
No. 3. Cane cut October 1 ..---..---.- +... 22. cnn e ee eee ne ee eee eee eee ee 8. 54 5. 99 
ONO 2S SOMU-SITU 2 ae oe ae mn ee ne ee eee Hsciaratye 36. 76 9. 90 
No. 5 


. SPTMOSTEN DS oat Gp ooh sere eGese = 50h ree ee Aan SEB Oe eee ese ane ois 37. 27 10. 02 


SEMI-SIRUPS. 


Nos. 4 and 5 of preceding table were taken from semi-sirups made 
October 1. The sirup was placed in glass-stoppered bottles, sealed with 
wax, and sent by express to Washington. The analyses were made 


Be ober 8. 
REMARKS—SEMI-SIRUP. 


The semi-sirup from the Indiana cane acquired a somewhat darker 
color by remaining three weeks in barrels than it had at first. It did 
not, however, suffer any deterioration in its sugar content, and made 
as much sugar doubtless as it would have done if boiled directly to 
grain from the concentrating pans.* 

This fact is one which may prove of some importance to manufac- 
turers whose strike-pans are inadequate to the capacity of the rest of the 
works. 

My experience confirms that of Professors Weber and Scovell, who 
_ last year stored semi-sirup at their works at Champaign, IIl., with suc- 
cess. In such cases, however, it is necessary to be constantly on the 
alert to guard against every appearance of fermentation. A fermenta- 
tion once started in a quantity of semi sirup would act like a contagious 
- disease and soon affect every fermentable liquid within its reach. Only 
necessity, therefore, should lead to the storage of semi-sirup. It should 
be reduced to melada as soon as possible. 


SUGAR. 


The sugar made from the Indiana cane was of a light yellow color, 
‘Slightly tinged with green. Washed with a little cold water in the 
centrifugal it gave a product almost white, and of a fine flavor. The 
erystals were large, hard, and bright, and such as would be most highly 
prized by refiners. 

_ The washed sugar, however, would need no refining. Itis already in 
excellent condition for the table or kitchen. 


*About one quart of lime bisulphite was added to each barrel of semi-sirup. 


{ 
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Subjected to analysis, the Indiana sugar gave the following results mus 


| 
) ¥ Other 
Sucrose. sugars. 
sf | | 
! 
| Per cent. | Per cent. 
Woashed suman. s 02% ee ge ote tS oe 97. 27 0. 60 
Unwashed sugaroe: 82) 20 5. tkied 2s nek eee eee ee ee ae | 89. 24 4.55 
| 


A sample of the washed sugar sent to M. Dupont, secretary of the 
French Association of Sugar Chemists, was analyzed by him with the 
following results : * 


Per cent, : 
SHELOSE . SSS sais kG ek COS UT ee ee eat A At * |. (ee ~ 99.50 
2S | eee re. AP eae: Fane 2S SES Rc RE be Een Stay | LS 
Pedacine © SUPA 5.2) at a. cs BS Se Le oe =. Lracess 
Water and undetermined . 3 ..-- 2.2... 220 cot. lb eee 0. 32 
100. 00 


THE RIO GRANDE, N. J., SUGAR FACTORY. 


The sorghum-sugar factory at Rio Grande, near Cape May, N. J., 
has been in operation three years. The company has a plantation of 
about 3,000 acres. The soil is a sandy loam. 

This company receives from the State of New Jersey a subvention 
amounting to $1 per ton for the cane and 1 cent per pound for the 
sugar. 

The cane is planted in hills so that it can be cultivated both ways. 
Each hill is about 10 inches square, and the seeds are planted over this 
surface and not all in oue place. 

More seed is planted than necessary for a ‘fall stand. After the plants 
are well up the weak and slender ones are removed, leaving about six 
healthy stalks to each hill. 

The varieties of cane preferred by the company are early Amber and 
early Orange, equal areas being planted with them. Other varieties are 
grown for experimental purposes, but not in large quantities. 

The canes are brought to the mill on a tramway. The superhirenen 
ent told me that the cost of transportation was very much diminished 
by it. 

Arriving at the mill the canes are lifted from the trams by machinery. 
Double milling isemployed. The bagasse from the first mill is sprinkled 
with water before passing through the supplemental mill. 

The method of manufacture employed at Rio Grande is a modifica- 
tion of the sulphur process. It is further set forth in the following 
specification: 

To all whom it may concern: 
Be it known that I, Henry A. Hughes, of Camden, Camden County, New Jersey, 


have invented a new and useful improvement in processes of defecating and clarify- 
ing saccharine liquors, of which the following is a specification. 


* Bulletin de l’Association desChemistes de sucrerie et de distillerie, Décembre, 1883, 
page 366. eke 
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The object of the invention is to separate from the saccharine liquors all or the 
greater portion of the matters therein contained, except sugar and water, this pro- 
cess being commonly known in the art as ‘‘ defecation” and ‘‘ clarification.” At the 
present time four general methods may be recognized for accomplishing this result, 
these methods depending respectively upon the application of heat, upon the use of. 
chemicals, upon filtration, and upon galvanic or electrical action. My invention be- 
longs mainly to the second class, inasmuch as the processes hereinafter described de- 
pend chiefly upon the employment of certain chemical agents. 

The invention consists in a mixture of sulphurous-acid gas and cream of lime for 
treating the saccharine liquor. Said mixture I believe to be both chemical and me- 
chanical, inasmuch as there is contained considerable free sulphurous-acid gas in the 
compound when in best condition for use; also, in the process of treating the saccha- 
rine liquor with said mixture in the manner set forth; also in the process of treating 
the saccharine liquor subsequent to the same being acted upon by the aforesaid mix- 
ture with an aqueous solution of acid; also in the process of treating the saccharine 
liquor with the aforesaid mixture and the dilute acid solution and tiltering while cold : 
also in the process of treating the saccharine liquor with the aforesaid mixture and 
the dilute acid solution, then heating, and finally filtering; also in the process of 
delaying fermentation in the saccharine liquors by treatment with the aforesaid mix- 
ture and the dilute acid solution; and also in the process of removing the sulphurous 
taste in sugar, defecated by the aforesaid or any other sulphur processes, by injection 
of live steam. 

The best means which I now know for practically operating the inventions hereinaf- 
ter claimed'‘and described, is as follows: The juice after being expressed from the cane 
by any well-known means, is collected in a tank of suitable size, holding, generally, 
about 1,000 gallons. To it is added a mixture, which is prepared in the follow- 
ing manner: Fresh quicklime is slacked with water, so that the resulting mixture 
has the consistence of a thick cream, which is conducted into a vat or reservoir. In 
this vat ‘is arranged a shaft provided with radial arms, which carry beaters or pad- 
dles, aud means are provided for rotating said shaft in the vat. Said vat, by means 
of a flue or passage entering at its upper portion, communicates with a furnace suit- 
ably constructed for burning sulphur, so that by means of said connecting passage the 
sulphurous-acid gas, resulting from the combustion of the sulphur, is led into the up- 
per portion of the vat and above the cream of lime therein. Suitable means are pro- 
vided for drawing in said fumes, so that a constant current of sulphurous-acid gas is 
caused to enter the vat. The shaft and beaters being set in rotation, the liquid con- 
tents of the vat are violently agitated, and at the same time the sulphurous-acid gas 

~_is beaten into and caused to mingle with the same. The process of mixing the gas 
and cream of lime is continued until the liquid assumes a clear yellow color and gives, 
when tested with litmus test-paper, a strongly acid reaction. This acid reaction is 
essential. The liquid also has a clearly perceptible sulphurous smell. The exact 
length of time for beating and passage of sulphuronus-acid gasin the cream of lime can- 
not definitely be stated ; but for all practical purposes it will be sufficient if the liquor 
presents the characteristics before stated, when it will be ready for use. It is prefer- 
able to make the cream of lime of as thick a consistence as possible, while at the same 
time not so thick as will prevent the working of the beaters. It will be noticed also, that 
shortly before the cream of lime becomes impregnated with sulphurous-acid gas, so as 
to reach the condition before described, its temperature becomes considerably elevated 
to a degree almost enough to scald the naked hand. After the liquid reaches the be- 
fore-stated condition, further continuation of the process depends upon the state of 
the cane-juice to be treated. Thus, if the juice is pressed from frost-bitten, soured, 
or otherwise damaged cane, so that the juice is more than normally sour, it is advis- 
able to continue the impregnation of the cream of lime for from ten to twenty minutes 
Jonger, or generally to bring the liquor toa higher degree of concentration, strength, 
and acidity. The apparatus before set forth for combining the lime and sulphurous- 
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acid gas I do not claim in this application, inasmuch as the same forms the subject 
of a separate application filed herewith, to which reference is eae for details of the 
mechanism. 

I desire to call especial athen tion to the fact that the above-named substance, to 
which I have given the name of ‘‘ sulphureted cream of lime,” is in fact not bisulphite | 
of lime, but is probably a combination of bisulphite, hyposulphite, and pentasulphite | 
of lime, or, in fact, all possible sulphites, inasmuch as it is made by the saturation of 
cream of lime with sulphurous acid up to and beyond the satisfaction of all chemical | 
affinities. It must, when first made, and in best condition for use, show the yellow, 
color before mentioned, and give off fumes of sulphurous acid gas. 

I am aware that Helps of lime has been used for defecating sugar juice, and that 
various processes of defecation are in existence depending upon the use of that ma- 
terial. I desire to disclaim any and all processes of sugar defecation which depend 
upon the addition of bisulphite of lime only to the liquor to be tested. 

I am also aware that there are known processes of sugar defecation involving the - 
use separately of quicklime and sulphurous acid in solution, these materials not being 
combined, but being successively added to the liquor. Such use or separate applica- 
tion of sulphurous acid and quicklime form no part of my invention, and is henePe: 
disclaimed. 

To the cane juice collected in the tank I add such a proportion of the eulpeucene 
acid and cream of lime,.combined as before stated, as will render thé contents of the 
tank slightly turbid. No definite proportion can be stated, nor is it necessary to do — 
so for practical purposes. The test of turbidity is sufficient, and itself determines — 


the amount of the mixture to be added. It is important to note, however, that the — 


condition of the juice hastens or delays the turbid appearance. Thus, if the juice is 
normally neutral a very small proportion of the mixture will render it turbid. On 
the other hand, if the juice is acid the turbid condition will be delayed in some pro- 
portion to the acidity. The effect of adding the mixture to the juice is to cause a pre- 
cipitation of the coloring matters and other impurities, excepting the mucilage or 
gum. This effect is best produced when the mixture is used immediately after pro- 
duction, asit should be. The mixture deteriorates if allowed to stand in air. If it is 
necessary to keep the mixture for any length of time it should be hermetically sealed 
up in air-tight vessels with a solution of sulphurous acid in water over the top of the 
liquid, on which it will float. The precipitation takes place immediately, aud the 
juice may be at once pumped or otherwise removed from the tank to the defecators, 
where it is heated and the scum is removed in the usual way. The principal defeca- 
tion, of course, takes place in the tank, as already described, and a still further defe- 
cation occurs through the action of heat in the defecating vessels. From the defeca- 
tors the juice goes to the evaporators, thence to the vacuum pans, then to the coolers 
or mixers,.and finally to the centrifugal machine, the course ot the juice after leaving 
the defecators being the same as it ordinarily follows when known processes of defe- 
cation are employed.- In order to remove the sulphurons flavor of the sirup, which 
comes from the centrifugal machine, I find it advantageous to collect said sirup in a 
suitable tank provided with perforated steam pipes, through which live steam is in- 
jected into the sirup. This injection of steam is continued until the sulphur taste is 
no longer apparent. The sugar resulting from this process contains considerable of 
the natural gum, and, although quite light in color, has a small grain, and is not easy 
to purge in the centrifugal machine. It is, however, an excellent marketable prod- 
uct, and gives a high polariscopic test. 

Returning, now, to the defecated juice in the tank, I find that a somewhat better 
sugarimay be prodfeell by continuing the process in the following way: I prepare a 
weak solution of sulphuric acid—preferably about one volume of acid to four vol- 
umes of water. I do not limit myself to sulphuric acid, as I have found that other 
acids, notably hydrochloric, and acetic acids, when in a weak solution, will accom- 
plish substantially the same result. It is desirable, however, that the strength of 
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the acid solution should not be greater than is indicated by the proportions of sul- 
phuric acid and water before stated. 


_ This acid solution is to be added to the defecated juice in the tank preferably in 


the proportion of five hundred cubic centimeters of acid solution to one thousand 
gallons of juice. I have found this proportion to work well with sorghum juice It 
can be exceeded, probably, to a considerable extent without danger, though with no 
perceptible advantage in results. Care, however, is to be taken not to add too much 
of the acid solution, as the consequence might be to invert the sugar. The effect of 


_ the acid solution upon the defecated juice is tothrow down the gum, or mucilage, 


‘some of which is actually precipitated immediately, and all eventually, if the juice 


is allowed to stand long enough for the light flocculentmaterial to gravitate to the 
bottom. The success of the operation is atonce manifested by the rising of sulphur- 
ous fumes from the juice, the odor of which is plainly perceptible. 

As the deposition of the light mucilaginous material requires some delay, it is bet- 
ter, in order to save time. to separate it out by means of a filter press of any suitable 
construction, from which the filter juice emerges clear. It will be seen that this pro- 
cess gives a cold defecation, and thus accomplishes a result of great value and im- 
portance. A slightly better grade of sugar can be made, however, by conducting the 
juice to the defecating vessels and there warming it nearly to the boiling point before 
passing it through the filter press; but this warming of the juice is not essential to 
the production of excellent sugar by the aid of my process, as described. ; 

In the cold process, as I have described it, the juice passes from the filter presses 
directly to the vacuum pan, thus entirely dispensing with detecators and clarifiers, 


_ Care, however, must be taken that the filter press is properly worked, and that none 


of the scum is allowed to mingle with the juice. Inthe warm process the juice passes; 
as already stated, from the defecators to the filter press, and thence to the clarifiers. So 
far as the relative advantages of the two processes are concerned, the cold process 


_ requires greater care in operation, and produces almost if not equally as good a grade 


of sugar, and does away with defecating and clarifying vessels and the skilled labor 
and expenses attendant upon their use. The warm process. on the other hand, re- 
quires less care in its general operation, but involves the use of defecators and clari- 
fiers to compensate for such lack of care, and produces a grade of sugar which a very 
experienced eye only would class as of better grade than that made by the cold 
process. When treated by either process, the course of the juice after leaving the 
vacuum pan is the same as already set forth. The resulting sugar is free from gum, 
or very nearly so, and is generally of considerably better quality, both in grain, color, 
and test than that made without the use of the weak acid solution. 

_ An important advantage of my invention is as follows: It is well known that cane- 
juice, after being expressed, will ferment in a very short time, and inversion of the 
sugar is the result, so that it is available only for the manufacture of alcohol or poor 
molasses. After the juice is treated with the sulphureted lime mixture and the acid 


solution, as 1 have before described, it will remain unchanged, and no fermentation 


will take place as long as the sulphurous acid fumes continue to be emitted from it, 
whether it is exposed to the air or not. I have kept such juice exposed to the air in 
a warm room for three month thout detecting perceptible deterioration in it. 

The foregoing process I have 'escribed as I have practically applied it to the juice 
of the sorghum plant, the crop being raised in the State of New Jersey. I have 


found it to be applicable equally well to the ordinary sugar-cane and to the manu- 


facture of molasses sugars from molasses imported from the West India Islands. It 
is equally applicable to the improvement of any raw sugars, these being dissolved in 
water prior to the addition of the Jime mixture and acid solution. 

It will be observed from the foregoing that in the processes described the liquor 
remains acid—that is, gives an acid reaction to the test paper throughout—and in 
this respect the said processes differ materially from ordinary lime or lime and sulphur 
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processes wherein the liquor is kept neutral. This acidity I remove, either wholly or 
in great measure, by the boiling of the liquor in the evaporators and vaeuua 

I claim as my invention— ' 

1. The defecating compound or mixture for saccharine liquors herein particularly — 
set forth, consisting of cream of lime and sulphurous acid mingled and combined till 
the said cream of lime is completely saturated with sulphurous acid, , substantially as. 
described. 

2. The process herein set forth of defecating saccharine liquors, consisting in adding 
to the juice the sulphureted cream of lime compound herein set forth prior to heating 
the same in defecating vessels, substantially as described. 


\ 


3. The process of defecating saccharine liquors, consisting in first adding to the — 


juice the sulphureted cream of lime compound herein set os and, second, a dilute 
aqueous solution of acid, substantially as described. 

4. The process of aeiecuuine and clarifyiug saccharine liquors as herein set forth of, 
first, adding to the juice the sulphureted cream of lime compound herein set forth, 
and afterwards a dilute aqueous solution of acid, and then filtering the juice while 
cold, substantiaily as described. 

5. The process of defecating and clarifying Sean liquors, as herein set forth, 
consisting in, first, adding the snlphureted cream of lime compound herein set forth 
to the juice, and second, a dilute aqueous solution of acid, and then heating said juice 
in defecating vessels, and finally filtering the same, substantially as described. 

6. The method of delaying fermentation in saccharine liquors, consisting in adding 
to said liquors, first, the sulphureted cream of lime compound herein set forth, and, 
second, a dilute aqueous solution of acid, substantially as described. 

7. The process herein set forth of removing the sulphurous taste or odor of sirups 
defecated by a sulphur process, consisting in injecting live steam in said sirups, sub- 
stantially as described. 

8. The process of defecating and clarifying saccharine liquors, consisting in add. 
ing to said liquor an acid solution or solutions, whereby said liquor is rendered acid, 
and finally removirg said acidity, either wholly or in great part by boilmg the liquor, 
substantially as described. 


THE PIG PENS. 


A point of interest in the Rio Grande factory is the pig pens. The 
seed of sorghum has generally been neglected, and therefore the suc- 


cesstul attempt of the Rio Grande Company to utilize it at home de- 


mands most serious attention. There is no part of this company’s pos- 
sessions which excited in me a more lively interest than this plan of 
utilizing the seed and bagasse and thus returning in a great measure 
to the land the substances abstracted by the crop. 

I found in these pens in October three hundred hogs of different ages, 
some full grown and fat for the market, others newly born. 

These swine had never had any other food than the product of the 
cane and no other bedding beside the bagasse. They were fat and 
healthy, and the swineherd assured me that he had never lost animals 
from any of the contagious diseases so fatal to swine. 

From the experience which the company has already had they think 
that each acre of cane will furnish enough seed to fit one hog for market. 

The bagasse from the mill, which is brought out by the cars, which 
would otherwise return empty, is thrown into the pens. By spring it 1s 
converted into an excellent manure which will almost be enough for one 
acre of ground for each animal. : . 
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In order to place sorghum culture on a truly economic basis every 
by-product must be carefully utilized, and among these the seed is the 


most valuable. 


Before the seed is fed it is boiled until the starch granules split open 


and thus complete digestion issecured. It would be extremely wasteful 


‘to feed the raw seed. 
There is no reason to doubt that: boiled sorghum seed would prove as 
palatable and beneficial to other animals as to swine. 


SEDIMENTS AND SCUMS. 


The sediments and scums are also saved at Rio Grande, and make a 
most valuable fertilizer. | 
The sediments contain the excess of lime and the lime sulphate and any 


phosphoric acid that may have been found in the juice. The scums are 


rich in nitrogen. 
_ Many tons of this valuable stuff, which ought to be preserved and re- 
stored to the soil are thrown away annually throughout the country. 


ANALYSES OF SORGHUM PRODUCTS FROM RIO GRANDE SUGAR COMPANY, RIO GRANDE, 
CAPE MAY COUNTY, NEW JERSEY. 


Canes selected from volunteers growing among corn, fertilized with last year’s scum. 


Number of canes.-.-.-. 2 hk cs ls Ce GEA INR eee aes sh Tk ER gage 8 
TEL BEG 2 CS sa ae ar = ea ee eee ee oe kilograms... 5. 82 
Memgaromi(Sieupped atid topped)... - .22-2--2 0025 “tee Phe es +e do: 2. 40 
ee ere te ON ee er ee Le es ke ed GOs sc< 7.00 
eit DATASSGc 22 22. 2... 5. cice- wee UIP ie ARNT oa a Rn aan eee Rae BY do 222 .i44 
MME MeDOMECSSCUU yer emis ee oe OS Oe re _per cent.. 68.00 
Peete OTaAVvily Cee C,). 0 Ao as ewe ae ee eae Ee mee Neel Sere a2 2 see 1. 063 
SE RIL 2s 2s ee ee ala ae per cent... 15.36 
ae eee nee hese Se Nn ie te eee et dp OSes \) $900 
PR NALEE SERVES Peers oe eo. a tA ASS Gene ni Seles ee ee dos2 = 248 
Gineose—. .-. See I al eae Sa oe 5 hb ei a RE EE: Gh AP OLN ee do..-- 3.29 


Sa Ree Tena AC ie ities oe a eee ets Se dG. 2. whOe6d 


LUE PETE CUAL TVSS gaa ae a cae i a ee 6 
Co DPE: JPG LGA IS eS S70 Re 7G eA te eg kilograms.. 4.9 
NGiawerony (stripped and topped)... ...--..fe.<- 22-0. 2+ ee eee Let GID S528 ah 
OE ETE, SUG SNS ey Ss ea a a al lee a C5 Kayes oc Wd 19 
. LIER GNGUTERVE LIE 2/7 oe rm Re ee per cent.. 69.7 
a eM MICMT AMMA (COCR mee eee eyo on le Be Ns bY cede ese eee 1. 078 
ThE solide [2 Te Seas hee Oe Se Sa a ae per cent-. 17.78 
em eee rete iy Eee ily 4 et ge cle ge COR 2 ae Ue 
Selds mot sugar -...:-......- got OIG ener Ue Ets ag SNH AIO a OLS. sata. 28 
(SLD ESE cp See Sie hy SR a ec Ao cr pe coe io areata pl 1771 
Mrerose 2.2. & a,00 Slt SAN TUE ad SR ar AC Pe Die a an doeite siz nts 
Canes from carrier September 22, 1883 

Mimrber/Of canes’. 552.1205... 2.2 Sete si eh yee § ee oment ok as it a 25 
(OAT SRETCUINGS FO Na AS i ne hs tae ona ns te a ee eee kilograms... 3.53 


Baeieiste Vbagassec ss 2) ooo. fo 42. | GIRO cs 2) TE ae i CO) 44 ty LAG 


. 
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Bag@asse 22/5 eee aise, ates a! hn sins a atthe eee ee ora te Poe per cent... 39.80 

Juice expressed es i2 0) 2... SO eV 
Specific oravityeat 220 0 foes kee eta Sule plies ene Jan as 1. 060 

Total solids. . 2. 32fs.0 000s sees coe 246 dome chase coos oe dll. eet ee een 

yA) Ig a 8245 -eIRPer ce KEP nor Oeenee cake cs2280 2 8! 

Solids nub Sag@ari. cu. 2... eee oe Be a ok See be 2 28 er 
Glucose 2.2. sass etes Ses SSP Re Se 08 Pre ae > 
UCTOSE |. eee ee eie wo dyn le n'o wie eh aie glee Rp aye he iets Bn ay pe eae a 


I selected these canes at the factory, prepared them, as already de- 
scribed, for canes to be shipped by express. They were ane here 
on the third day after they were cut. 

Further information concerning the Rio Grande factory will be found 
in the following letter from Mr. Hughes, the superintendent, to whom 
and the president of the company, Mr. EUS: I am indebted for many 
courtesies : 

Rio GRANDE, N. J., December 6, 1883. 

Sir: The mill commenced grinding September 10 and stopped November 14. The 


amount of unstripped cane ground was 6,795.811 tons. We made 282,711 pounds su- — 
gar and about 55,000 gallons molasses. 


Sucrose by polariscope, average for the season....-...----.------ per cent.. 9.75 
Sp. gr. Baumé,, average for the season ....-.--. -.----+.---------:- degrees.. 7.57 
Against last year’s polariscope.....---.------ .---- Pm ee Stee per cent.. 11.11 
DP: STi Baum Cees. 2 a elie coe eee Oe: ooo eee eee ee degrees... 7.33 


The bulk of the crop was Amber and Orange; the per cent. of juice ranged from 55 
per cent. to 40 per cent. on the unstripped canes; over half the sugar Dene left in uns 
bagasse. ! 

We have two mills; the second one was not properly rigged up. 

Being afraid the cane would get over ripe, as it has al ways done before, we planted 
later than usual. The season turned out very wet and.cold. The Orange did not 
ripen until October 29, except in those fields where phosphoric acid was put in the 
hill. A storm in September prostrated the Amber. For these two reasons we had 
bad cane from September 24 to October 29. During this time no pan failed to granu- 
late, but the yield of sugar was poor. From October 29 until the end of the season, 
the cane was first rate. The extreme low price of sugar, and the high price of choice 
New Orleans molasses caused us to make a better sirup than we would ordinarily - 
have done. In this way over 100,000 pounds of sugar was allowed to go into the mo- 
lasses simply because this year it paid to do it. 

Yours, truly, 
H. A. HUGHES, 
General Manager Rio Grande Sugar Company. 
Prot: H.W. Wainy. 


Table of data derived from preceding letter. 


MELOS CADOUL) Yn oie elt et a ole a ae old et are ELS ras oe ae ee 1, 000 
AONB)? cto BL ER , IS, ee es eee ie elas ee ee ee 6, 795 
OUS Per Acre: ... - oa wp ew dd dic ede eecie BE Oe ates ae Sa ee NaS ee aoe 6. 795 
Popnds supar made. 23322 os see es Dee ee a. As ee a ee 282, iLE oe 
PSURs SUSAT Per TOM e aoe! Soe pcs ia oh See ete te ate ae oe he ee foe ee 41.6 
Gillaua molasses . 2.) socGk Se ee ee eee Nee 55,000. a 
Galions molasses per tON sy. sie 56 = 325 i Sere ele ee ein np ee ee ee ee 


Average per cent. of sugar Im juice .- 2. 25 oes ee = on nme weed eine ee 
Aweraze-per cent. of juice expressed oo 1.3 {oops 5 ite dey eee e Netaieiats ava 
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’ The total value of sugar produced at 7 cents per ponnd was......--..-.. *$19, 789.77 
PEO OMEbYy lL Cent per pounds... 23. 652-522 ele ec es ewe face ween eee. $2,827) 11 
Wamerormolasses,at 42 cents per gallon ...22.5.3.522-. 0-22 2-50 1--- +268 $23, 100. 00 
SMMmOMICANe Cla perxpol) ..a2.5s0-2sesss. ude iwece teb beastie ll knee $6, 795. 00 

: $52, 511. 88 
eT MCMC IE ACM a CCUCA) scot acre .c'= sieicrotaweis wees woe es cecices cows a wile ces eceeed $50. 00 


\ 


OPERATIONS AT CHAMPAIGN, ILL. 


The campaign of 1883 was the second one for this company. 

The method of planting and cultivation was a simple one, and with 
the exception of some special attention given the young plant with the 
hoe, was the same as is used in raising Indian corn. 

The company does not cultivate a large crop of its own, but buys of 
surrounding farmers. . 

The soil around Champaign is a black prairie loam. 

The season was cold and wet, and the early September frosts greatly 
injured the crop. 

The company made an interesting experiment during the working 
season in burning the bagasse directly from the second mill. 

Special furnaces were constructed for the purpose, with blast and tall 
_ chimney to favor rapid combustion. The bagasse in passing to the sup- 
plemental mill is saturated with steam and hot water. It reaches the 
furnaces, therefore, still wet, probably containing nearly half its weight 
of water. There are grave difficulties connected with burning such a 
fuel which even the most ingenious construction of a furnace will hardly 
overcome. 

The saving of fuel by burning the seu da is estimated by the super- 
intendent at 25 per cent. 

Experiments in other parts of the country, notably in Kansas, have 
shown that well sun-dried bagasse is more than sufficient fuel for evap- 
oration. It is therefore seen that fully 75 per cent. of the value of the 
bagasse is lost in burning it wet. 

It is yet an open question whether it is sounder economy to burn the 
bagasse, as at Champaign, or to return it to the soil, as at Rio Grande. 

On principle I would be in favor of the latter proceeding. I believe 
a soil needs the same careful feeding and the same careful attention 
that a wise farmer gives to his horses and cattle. Penuriousness is al- 
ways reprehensible, and in farming especially when it is exercised 
toward the soil. The earth is patient. It will allow itself to be robbed 
for many years without complaint. Sooner or later, however, it will 
refuse to do more, no matter how much it is urged. 

The wisdom of burning bagasse depends on a great many local con- 
siderations. In localities where fuel is scarce and the land fertile it 
will evidently be more advantageous to burn the bagasse than where 
coal is abundant and the soil poor. 


_ * These figures are my own estimates, and have not been revised by the officers of 
the company 
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Again it must be remembered that to burn the bagasse from the mill 
successfully, costly furnaces and apparatus have to be constructed. 

This will add a considerable item to the bill expenses. 

Even with such appliances the amount of other fuel required is not 
greatly less than in ordinary furnaces. 

I am not quite prepared to believe that sorghum will furnish the fuel 
to boil its juices unless the bagasse is first carefully dried. ; 

I therefore await with interest the results of several years experience 
with bagasse burners. Like all other problems in sorghum culture and 
manufacture, it would be decidedly unwise to determine them from a 
single season’s work. 


METHOD OF MANUFACTURE AT CHAMPAIGN, ILL. 


The Champaign Company uses the Weber and Scovell patent. The 
essential features of this method are as follows: 

1. The addition of lime to the expressed juice until the free acids are 
completely neutralized. ' , 

2. The further defecation of the juice by beat and its concentration, 
after removal of scums and sediments, to a semi-sirup of 20°-25° B. 

3. The filtration of this sirup through bone-black to remove impuri- 
ties and whiten the sugar. 

The operations in the vacuum pan, the crystallizing room, and at the 
centrifugals are the same as at other factories. 

This process makes a beautiful and pure sugar, which is fit for the 
table without any further refining. In fact, the refining takes piace — 
- during the process of manufacture. 

The radical difference between this and the Hughes process is at once 
apparent, and proves that there is more than one way to make sor- 
ghum sugar. 

Prof. H. A. Weber, the manager of the Champaign works kindly 
furnished me with the following information in answer to questions the 
nature of which appears from his replies : 


CHAMPAIGN, ILL., December 15, 1883. 

DEAR Sir: In compliance with your letter of November 15, I have the honor to 
submit the following answers to the questions asked : 

1, The whole amount of cane worked this season was 4,660 tons, abe half of 
which was stripped; the rest was crushed with the leaves. 

2. About 60 per cent. of the juice was expressed. ' 

Double milling was employed. 

3. Number of pounds of sugar made, 160,000. 


4. Number of gallons of molasses made, 35,000. 
5. The average composition of phe juice worked this year,’ was as follows: Specitic 
gravity 8° B.— 1.0591; cane sugar, 7.78 per cent. ; grape sugar, 4.76 per cent. 


It may be well to state that the iajepidnity of the juice was due to a heavy frost on 
September 8 and 9, which killed the leaves of the greater part of our cane. This had 
the same effect upon the cane that strippivg and allowing to stand would have had. 
The quality of the cane deteriorated from that date until it was worked up. 
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6. The best varieties of cane for our climate are Early Amber and Early Orange. 

7. The average length of working season with us is about sixty days. 

8. If the last two seasons were average seasons for our section of the country, I 
think there is no doubt that we are entirely too far north for the successful man- 
ufacture of sugar. But compared with the past these two seasons must be regarded 
as quite abnormal, and if the climatic conditions previous to 1882 should obtain, I 
think it would be safe, for the West at least, to place the northern limit of successful 
sugar manufacturing as far north as the latitude of Chicago. 

Very respectfully, 
H. A. WEBER. 


Washington, D. C. 


Professor Weber has also made some interesting experiments in re- 
moving the heads from the sorghum stalks as soon as they appear. In 
all cases this procedure produced an increase in the sugars in the cane— 
sensibly equal to the quantity of starch which would have been formed 
had the heads ripened. | | 

This experiment. both as it relates to increase of sugar and to the 
securing of the crop from the ravages of storms, is one of the greatest 
importance to the future of this industry. 


EXPERIMENTS IN KANSAS. 
HUTCHINSON, KANS. 


The sugar works at Hutchinson, under the supervision of Prof. M. 
Swenson, made, during the season of 1¢83, 131,000 pounds of sugar and 
30,000 gallons of molasses. 

The soilin this part of Kansas, near the Arkansas River, is a sandy 
loam, with a preponderance of sand. This excess of sand is so marked 
that in some fields it is quite impracticable to plant sorghum until after 
the season of spring winds has passed. The winds blow the sand with 
such force that it acts like a sand-blast on the young plants, cutting them 
off even with the ground. 

The summers and falls are generally dry. The soil, however, is so 
loose that the roots of the plant grow deep. In one instance I was in- 
formed of a tap root having been traced to the depth of 10 feet. 

By reason of this depth of root the plant does not suffer greatly from 
the drought. | : 

The dry weather of the fall season is peculiarly favorable to manu- 
facture, and to drying the bagasse for fuel. 

I append a table of analyses of sorghum products made under the di- 
rection of Professor Swenson. 

This table shows that ripe canein Kansas may be expected to contain 
more than 10 per eent. of sucrose. 


/ 
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Copy of record of analyses of sorghum made at Hutchinson, Kans., during season of 1883, 


NORTHERN SUGAR INDUSTRY. 


by Prof. Magnus Swenson, chemist of Kansas Sugar Refiring Company. 


AMBER. 
aes | Specific | Deg. | Percent. Pencent Per one Stat ‘ rae 
; gravity. | Brix. | glucose. | sncrose. sande pp else 
Ag. (Oo Seas 1. 0460 11.4 LG AN ere ean aA tas 
ee eta 1. 0420 10.5 2.4 7.2 9 
LO. ae ee ee 1. 0493 1252 2:9 6. 4 2.9 | 
10. obese te 1. 0470 11.6 To | Stee: esa MEANS meena 
102s cose sees ellsc See es Ei Belle Sea eae SR erm astaie eae a 
pf eee eee Ne 1. 0475 ibs a 2.9 To 1.6 
ALD ces ape Se 1. 0464 15. 6 2.7 Wo 5.6 | Milk. 
12 pe oa 1. 0476 is 7 a0) 6.8 2.0 
i PA ee Se Oe 1. 0570 14. 0 2.8 9.0 2. 2 
Sy ieee totes 1. 0567 14. 0 2.8 8.0 3.2 | Milk. 
14 teen eee ae 1. 0447 10.8 2.6 6.9 1.3 
terrae Vie 1. 0564 re a settee bel 8 ISR aor a | 
14 Ba eee 1. 0674 16.3 2.1 11.4 2.8 
Ta Noa Mees Se 1.0517 12.6 SHaay == so 2 ly Weise aoe Flower. 
143225 eee 1. 0578 A ee a Oe a en ees ees aby Milk. 
FAs AS ie oe 1. 0570 14.0 28). Saale Bele cs 6 | Hard. 
Beaters 1. 0570 14. 0 2.3 9.0 2.7 | Soft. 
lbacsceete pes: 1. 0622 15. 2 1.9 10. 9 2.4 | Hard. 
WG) ceistoe ee a che 1. 0000 13. 0 pS eaten | ees oe a ee a Lea tee 
fs es ee ee ae 1. 0000 14.5 Ours plcile. srs, c ate Be Soft. 
MGT eee ota od Oe aR aa ore oie ee Soft, hard. 
Gis eeeipers eres een coe 2s ONO reer meer e)| 2k eli J. ale tea rca Flower. 
AT Soe eee eee 1. 0544 13.4 2.5 8.3 2.6 | Soft. 
ies ane 1. 0560 13.7 9.5 8.4 2: 8. | Heme 
1 ee eae 1. 0590 DARA eee EROS DS ra oa Sere cee eon ee eerie Hard. © 
Wie yee eee 1. 0637 DD gil epee tee See We, Sik ata a ON a ee Medium. 
NB Soe eae 1. 0625 PDC BE Ne Sy ee ie epee, Seon epeterene eats ae Soft. 
UT eee aaa: 1. 0595 AEE Oe We ys SK a A eee eh a Da Medium. 
Tks bert 1. 0665 OI Gye TI Sen funy choles a cl | ame eS eee elle (a 2 Y Hard. 
Li yee 2, 1. 0640 BSG eae eee lie bie. Eel eee Medium. 
AW Gree ie eel 1. 0580 We PA ed os rn al er A ame reenter Hard. , 
5 Ea at Se Sees 1. 0520 SB | issuer agee. oa sie iver ie eases tele erent Medium. 
Aiport Cae Seine 1. 0590 14.4 12. cess Sheth. Sat eae eee tar le 
Li te ee 1. 0620 14 ee ae ne Medium. 
5173 ees Ze 1. 0640 U5i6 | ae ee alien ee ee eee Hard. ~ 
17 eee 1. 0594 ANAC ir acre temps ata teres oe fa tel mone tenses Medium. 
19 Heavy rain + 
20): ceteemaeeet ~ 1. 0440 EONS les Spee test Fe arte Se RS Saye Hard. 
20 RS Seer 1. 0560 BE Pay faa ees ieee ae mre ees Z . | Soft. 
20 eee ero 1. 0577 AED ae ieee cic 3.9) asa cere Hard. 
DOs See ase 1. 0594 ASG Rents eS Get al, ce thea Nerme Hard. 
PL Yasy ee ry 1. 0573 14. 1 | Sateen ee 2. 2 ss een | Bt, 
1. 06142) ard. 
20) team enya n= | ; im ates TU aise oe eee cocci | ; Soft. 
20 ies see ee els 0610 Da Oil sere en ea aa NS ec (a nes a eh Hard. 
203s | 1. 0617 Deby ly | 2 aes eon 2 oii, ceiver eerste Milk, 
Dein aes Sees 1. 0463 A Oa TIaI eR aes Sarl Pe eee apnea (cs le cp cst Sod flower. 
7A aa eo rn a | 1. 0505 ¥12.5 eh. ‘sh, Ik 2.7 | Hard. 
a eee eC ates 1. 0592 14.5 2.5 9.8 | 2.2 | Hard. 
Oi) cae eS | 1. 0505 12.5 3: I 6.3 | 3.1 | Flower. 
21) see se 1. 0627 Mi 4 | Sele ele Sy A cont ogi a aperee eatyer | Hard. 
93) Sere eee el 20703 ij 2.8 13.50 .8 | Select. 
PP WEN Biss 1. 0620 15:2) | 3. 8 ay Aa 1.7 | Ripe. 
2D nae ae heise foe sas 13. 5 | 3.3 8.5 1.7 | Average of load. 
DO ee ete ahs es 14. 0 3.4 9. 0-| 1.6 | Average of load. 
Dic, aaicen: te iar 1. 0592 14.6 3.4 9.3 | 6) 
QEe fe ee 1. 0505 12.5 2.9 8.0 1.6 
31: 28 Seas 1. 0550 | 13.:5 3: 1 8.6 1.8 | Hard. 
OL 28 aes eee 1. 0666 16.3 3. 1 1.3) | 1.9-| Hard. 
BL. Sas sees 1. (625 15.3 3. 2 dally 1.0 | Hard. 
Sept bs yeas ae 1. 0780 18.8 3.0 14.1 1.7 | Select. 
Le erase eee 1. 0670 “TGs Bis MDs oa eaten Te ae me kay ees Hard. 
V sekt Soiree eras uitas Ds Go| eels Betow lis slo marae aie |i /aeterertareteye 
Dh) enw otc pee eee te ae 17.38 a lWelte pete aco Se 2) rata eee eels 
Oe eee 1. 0829 20. 0 AO a [Pera een pei | eae ieee ee Three days in yard. 
Rot eee 1. 0700 yy 4.0 10. 2 2.8 | Defecated juice. 
Pps SB 1. 0660 16. 0 2:9 ity Bs 1.6 | Defecated juice. 
TA gag ee a ohne 1. 055 13.5 PENS a AON yer aya) 4 
i: ee i IGoaiislin as oF ae 115), 2.8 11.8 1.0 | Defecated juice. 
LG isd pe eS eee iby) | 2.6 11. 4 1.0 | Defecated juice. 
SMe ne 92 ER Se 
4 
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Copy of record of analyses of sorghum made at Hutchinson, Kans., §:c.—Continued. 
MIXED FROM MILL. 


: Per cent. 
Specific Deg. Per cent. | Per cent. 
Date. gravity. | brix. | glucose. | sucrose. uber State of seed. 
Ochi eat ee te el bref ere ee 16,5 2.6 11.8 2.1 
Bee ae oe ees aOR 16.5 2.9 ES) La 
ee erate oieleiche'|lsepaeisteye ar 16. 0 2.8 ibe Y re 
Opa ate eeieintoysios | siaieia Sarnia: 17.5 AS QMi erste sere searoee ctr. 
Uf ite ora eae setaal kant oo an 15.0 5. 4 8.5 14 3 
OE GAS A Stearn HeeenSmare 16.5 4.5 | 10. 5 | S) | 
OBS s ebrte eres ce alssenardcre 15. 0 3. 0 1 of stose 
1G Jee Se ee nes 1. 0548 13.5 3.5 9.3 | 0.7 
Seer aie state geste s 14.5 2,9) 10.7 0.9 
BG ee ere Tavera uille ® ise tied sas 16. 0 Ze Uf 12. 0 1.3 
1 Ree eae ge 14.5 2.3 10. 4 i, (8) 
TP AE Seseiaed Be 16. 0 3.7 DONOR ee sokeae es 
Af ee an aa ets Spite 16.5 3. 2 Hal, “er 1.6 
ORANGE CANE. 
| ip t 
Specific | Deg. | Percent.’ Per cent.|~ ©7 CoD 
Date. gravity. Brix. | glucose. | sucrose. oRuee State of seed. 
| 
| 
LT Cae nen 1. 0324 8.1 SW COPIS BSE Gn cial’ Same Ne 
Seats a sieieves 1. 0360 9.0 3.5 |- 2,2 3. 2 
ily Ge CEES aes 1. 0416 10. 3 * 4.0 4 45 1.8 
eS eee 1. 0387 2M OM eraser ara en cetolsere ato |aepereinis a= Sie 
UGE SEAS Spears IOE eee e Gases hares See Repeater 
fe as Cena ere I oer aera 110 [tole ese rears neo ee ets ee ee 
NG Were Spe since] arava ets QeA A Oe Saeed An werericn ects nllisese te ital 
ZL Nes Sen tae 1. 0487 ADS res 5.5) eee tea Pes (ae ee ne 
ZEAE Ape 1. 0434 LOT Cae Led ys Ee eae ee 
ieee ere ees 1. 0447 INE O)2 ees aeaae | ehepiafata)siopaini|- toe aie 
7 UB Yee tet 1. 0270 oO Sears hol Gece pee ane MERE eee 
Zt? Sie See eer 1. 0480 TEE Gy oe aed ght aera) ee Sa 
aS NE Aa yee 1. 0545 13.4 4,7 6.7 2.0 | Milk. 
DIN ee cee 1. 0509 12.6 3. 8 - 7.2 1.6 | Hard. 
Ne ix Malet eish 1. 0665 16. 3 4.2 10. 2 1.9 | Hard. 
AB a a ae 1. 0503 12.4 4.3 6.1 2.0 | Heading. 
oproe 1a «tae i1. 0620 15. 2 3.7 3) 0 1.8 | Hard 
OBE Dae si 1. 0696 16, 9 4.7 eyo a 1.1 | Milk. 
2 ei ee a se 1. 0430 10.7 3.7 6.0 1.0 
Muara acieie eel a 1, 0489 12.0 4,3 6.2 BS) 
j 2a ts Ae ee een 1. 0430 10.7 3.4 6.4 0. 9 
et ase iete ele whol perio anv ee 14.7 3.8 9. 0 ib) 
OMe ss elles 1. 0444 11.0 3. 8 5. 4 1.8 
CAL or ae aa 1. 0500 Ae iatale mene cie apse pn ee ate ayal salary 
71 Shea a es 1. 0454 ils 2 le ae efepeie stim |e oe Bel eicis.e 
ei ee a Beate as 1. 0577 14. 2 3.8 8.9 1.5 
ea tee e 1. 0540 Te Ta eA es at Eee 
6) Ee ene 1. 0687 16.7 2.6 Seto | epee ere) es Ripe. i 
S15] OS ee pees 1. 0686 16.7 4.6 10.3 Ho) | Sort 
Sie ae ear ee 1. 0500 DAW se icere: Bete te Soler ee Sai Ag 
eau det a mons sts Se 171 ALOU Somme Soe NY 
TIC A eee es 1. 0540 AN ar Weve ese ee heres eo 2 eae kee ee 
1 ee 1. 0650 16. 0 25 OU Weer ae eters eisai iereyenis- Soft. 
1 ee er ee Eee? 13.5 2.5 | 9.1 1.9 
LUE) Sa See euee ia toa aeons 16.5 mn A52 11.4 0.9 | Milk. 
IO eat) a 17.0 1.9 13.2 1.8 | Soft dough. 
NO eae repe hs eeyar teal | Serre eee oe 15.5 2.1 11.2 2.2 | Av.of load. 
LES ae OE ie mies ers 15.0 2 8) 11.2 1.5 
ZO WAGE scerdaeiees uta 2its ok 16.5 2.4 12. 0 2.1 
LINK’S HYBRID. 
eae Per cent. 
Date. | Specific | Deg. | Percent.) Percent. |" oiner State of seed. 
| gravity. brix. glucose. | sucrose.| Jolidg 
POPU oa ee ca 52): 1. 0305 <p LE al taf aR ar a 
io Sus ao oe 1. 0480 SOB perce, Lea lene ee ties biracial e 
LINEA a 21 5 1. 0471 11.7 ay, Ak 8 1.6 
PAO AE: Bae 1. 0567 MO Delis tees cates ost Sexe id et Shuey | 
Septal cree ty 1. 0550 13.6 4.1 8.1 1.4 
OP ete teeta Sen aera fe os 14.5 Nes) 9.8 3.2 | 
7d eee 1. 0830 19.0 0.8 15.4 2.8 | Hard. 
t | 
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Copy of record of analyses of sorghum made at Hutchinson, Kans., §-c.—Continued. 


HONDURAS. 
| Specific Deg. | Percent. | Per cent. Per cent. 
Date. J A=) 
gravity. Brix, glucose. | sucrose. ee State of seed. 
Sept... 1.2533 1. 0677 | 16. 4 3. 6 10.8 2.0 
Oct. (2:22 eeeaee | 1.0560 14. 0 34 9.5 Le 


STERLING, KANS. 


This factory was under the supervision of Professor Scovell, and was 
operated exactly as the factory at Champaign, Ill. The soil and climate 
are the same as at Hutchinson. i 

The amount of sugar made was 136,000 pounds; of molasses, 35,000 
gallons. 

Unfortunately I cannot get any exact data in respect of the yield of 
cane per acre and of sugar per ton in Kansas, because much of the 
cane was worked without weighing. 

The most reliable estimates place the yield of Amber cane at 9.5 tons 
and that of Orange at 12 tons per acre. 

I am disposed, to believe, however, from experience, that estimated 
yields are generally too high. The following communication from the 
special agent of this Department for Kansas (who also furnished the 
statistical tables for the State) will be found of interest: 


AVERAGE YIELD OF CANE. 


It is difficult to ascertain the exact average yield because a large number of produ- 
cers do not weigh their product The average of crops weighed are for topped cane 
with blades on, Amber cane, per acre, 9.50 tons; Orange cane, 12 tons. 

The estimates of growers who have not weighed their cane are usually 15 to 25 per 
cent. above these figures. 

A remarkable case illustrating the value of irrigation was that of J. E. Crane of 
Kinsley, who produced 42 acres of Amber cane. The entire 42 acres received exactly 
the same treatment except that 30 acres were irrigated with water drawn in a canal 
from the Arkansas River, while the remaining 12 acres were not irrigated. The cane 
was cut, topped, and sold to Hon. John Bennyworth, and by him made into sirup. The 
yield was as follows: not irrigated, 12 acres, 10 tons per acre, 120 tons; irrigated, 30 
acres, 17 tons per acre, 510 tons. 

Mr. Craue states that the expense of irrigating was: 

Water rent per acre, $1; labor of applying water per acre,50 cents. Totalperacre, 
$1.50. Ouly one application was made. This irrigated cane is reported to have 
yielded an unusually rich juice. 

If further investigation and furture cultivation shall confirm the experience of Mr. 
Crane, a most important development awaits such portion of the western third of 
Kansas as can be cheaply irrigated, and the sugar industry may be largely developed 
in a section not well adapted to the production of standard cereals. 


Respectfully, E. B. COWGILL, 


Agent for Collection of Information ae the Sorghum industry of Kansas. 
Hon. Geo. B. LORING 
Goiicautoher of Agriculture. 


| ==; i 
ih 
By ii 
] | — : 
e A 
4 v 
i 
P20 i) Sei 
= enh Hn 
UHH) HAR go 
zt Pia Ki 
234 Al 


A aN 


"AUOLOVY AVNAG WAHDUOS “SNVY ‘NOSNIHOLAP—'e ‘DLT 


ny CORA 
wih) 


es 


Swe era) 


{ 
! 


Halil 


oo 


é 
‘M 


| 
Date. Variety of cane.) State of development. 
a | 
1883. 
Aug. 6| EarlyAmber..| Seeds inmilk ---....-- ike 
7 Scot CS eee Seeds forming at top of | 1. 
panicle, glumes just | 
beginning to turn. 
Clean (eee Panicle in blossom.--.) 1. 
9 SoU Cee Seeds in milk, glumes | 1. 
beginning to turn. 
ie dor S22... Just heading...-...--- RAL 
SheessGOrr ck lcs: Seeds just beginning | 1. 
to be milky. 
LO cde C Geese Seeds in milk --.--...-: ik 
LS eeeG Ue epee! | Gemastan C0) eat ae ee ree 1. 
11.) SeeEO Gee anes ene taiies C1 eles la ee ee 1. 
L6\ SE SeG Cane eeeaees Ong ost tei ie 
TAOS AG C eee aes Some seeds just form- | 1. 
ing. 
Pcl Seti Ce eee Barely out of blossom, | 1. 
113] AC aS rg Cane in blossom...---- I 
Lat: | on eC GY A eae] anes Sei ea te eee He 
137) GSeeG (eee Just forming seed..--.. 1. 
Lie Ne cho] dcop Te ie te idl oe Coelt ae neoe iis 
TEe S50 esi eee fe ES SAAC e i! Os 
725 | eC RS ae Seeds in milky dough.| 1. 
Ste Oe oe Seeds in softening | 1. 
dough. 
17 |.---do .........| Cane very green; not | 1. 
blossomed. 
Ly a Ce - | Seed just forming .-..| .. 
Bie [aoe shO 2 3- fa Seedalmostinharden- | 1. 
ing dough; glumes 
quite dark. 
Le | Sac CRAP eset (ch Cun ee na oe ik 
BS gee Aes s Ass | Seoes ss zee Se eeeeaes2 ie 
20 | Wabaunsee..-| Justin blossom ...... Te 
20 | Amber ....-.- Seed in hardening |.1. 
dough. 
20 | Early Orange.| Head not above the | 1. 
top leaf. 
20 | Wabaunsee.-.-|} Seeds in soft dough...} 1. 
Pale PAMDOR cloaca) shes Co eho Ses set if 
21 | Link’s Hybrid | Just headed...--. a 
SROFANE Gs 2 <a | eke dO sctise ue Se ils 
Poe PAM DOE soe): Hardening dough...-. lie 
2 eC (CO Ne a (eee Oi See ee See le 
23 | Orange ......- Just headed ..-..-...-- ik 
es AT DOF >. a. = 22 Hardening dough..--. 1g 
Memes 2 sUOuot Sosa t a ladnges COE ae seh ooac if. 
23 | Orange - ...-- Just headed ........-- ite 
23 | Amber ...5.<: Two heads dark seed | 1. 
; in milk; one head 
green seed in milk; | 
one head just in 
blossom. 
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Copy of report of Prof. M. A. Scovell, chemist of Kansas Sugar Company, Sterling, Kans. 


but 


a) 


3= ef 

& Fs 

bp : S Remarks. ° 

S seeemveat -F 

S Seer oe. |b os 

S = = = 

& | 6 | a | a 

Per | Per | Per 
cent. | cent. | cent. | 

0566 | 3.70 | 7.42 | 2.78 | 

0583 | 3.55 | 8.56 | 2.11 

0502 | 5.11 | 4.81 | 2.48 | 

0570 | 3.93 | 7.21 | 2. 86 

0286 | 3.97 |. 1.56 | 1.67 

0587 | 4.72 | 7.09 | 2.59 

0536 | 3.27 | 7.49 | 2.34 | Same as August 8, but 
two days older. 

0536 | 3.34 | 7.43 | 2.32 | Short stalks selected on 

; account of appearing 
riper. Greater milk at 
field longer but not so 
ripe. 

0609 | 4.17 | 7.97 | 2.75 | Average at field taller 
than preceding, 
not so ripe. 

0626 | 3.76 | 8.34 | 3.20 | Same as preceding, two 
days later. 

0447 | 5.11 | 3.60 | 4.28 | Cut 13th, analyzed 14th; 

stalks dry and much 
wilted. 

0643 | 7.98 | 4.55 | 3.17 | Cut 13th, analyzed 14th; 
cane green and much 
wilted. 

0570 | 4.00 | 7.49 | 2.59 - 

0604 | 4.09 | 7.94 | 2.77 | Cut 13th, analyzed 14th. 

0485 | 3.98 | 6.27 | 1.75 | Supposed volunteer 

0510 | 5.23 | 7.92 | 2.75-| cane. 

0604 | 4.21 | 8.35 | 2.24 

0617 | 3.76 | 8.58 | 2.76 | Same field as Aug. 11. 

0570 | 3.33 | 7.92 | 2.75 | Same as preceding. 

3970 | 3.93 | 4.18 | 5.55 

Grae 3.72 | 6.68 | 3.30 

0643 | 3.64 | 9.55 | 2.51 | Ripest stalks only an- 
alyzed. 

0617 | 3.67 | 8.76 | 2. 67 

0570 | 3.31 | 8.01 | 2.68 

0426 | 4.24 | 3.89 | 2.47] Four stalks weighed 
7.5 pounds; gave four 

| pound juice; smallest 
diameter §, largest 14 
inch. 

0674 | 2.60 |11.42 | 2.38 | Smallest diameter 

“3 largest % inch. 

0493 | 3.32 | 6.27 | 2.61 | Diameter 13 inch. 

0548 | 3.03 | 7.07 | 3.40 | Diameter 7 inch. 

0604 | 3.09 | 9.16 | 1.75 | One hill taken. 

0502 | 2.01 | 7.03 | 3.35 

0405 | 2.97 | 4.61 | 2.52 

0713 | 2.75 |10.97 | 3.76 

0674 | 3.56 j10.10 | 2.74 

0480 | 5.35 | 2.84 | 2.71 | Two stalks weighed 3.5 

| pounds; juice weighed 
1.5 pounds. 

0770 | 2.87 111.97 | 3.76 | Cut 22d; analyzed 23d. 

0753 | 4.30 |10. 04 | 3.86 Do. 

0578 | 6.30 | 2.94 | 4.96 

0704 | 3.25 |10.52 | 3.33 | One hill. 
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Date. 


Aug. 


Oct. 


Nov. 


24 


Variety. 


Red Liberian - 


East India 
from Link. 
Amber 
Link, East 

India. 


do 


Wabaunsee .. 


Link’s Hybrid 


eaee--ee- 


i 
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State of development. 


Just headed; not in 
blossom. 


Hardening dough 
Just headed, seed in 
milk. 
Hardening dough 
Just in blossom 
Soft dough 
Some seed in hard, | 
soft, and milk dough. 
pTacnine dough 
Just in blossom 
Seed just beginning to 


form. 


Just headed ..... 
Seed of top glumes 
hard dough. Seed 
base glumes soft 
dough. 
Nearly ripe 
Two stalks in milk. 
’ Two stalks in blos- 


IAPC) a 2-102% 5 ae 


a & 
é = 
ap Ss 
Sere |e Ol ie 
3 3 g rg 
fel eae ae bale 
M ido) M MD 
Per | Per | Per 
cent.| cent,| cent. 
1.0540 4.10 | 6.38 | 2.84 
1.0557 | 3.15 | 6.09 | 4.46 
1. 0682 | 3.60 |10.26 | 2.74 
1.0596 | 1.95 | 8.87 | 3.79 
1.0656 | 4.00 | 8.83 | 3.17 
1. 0472 | 9.35 | 0.14 | 2.21 
1. 0634 | 8.10 | 3.92 | 3.30 
1.0443 | 2.99 | 7.67 | 4.88 
1.0609 | 2.68 | 9.73 | 2.49 
1.0691 | 2.74 |10.97 | 3.09 
1.0481 | 7.22 | 0.72 | 3.96 
1. 0540 | 2.66 | 5.96 | 4.68 
1. 0704 | 3.15 /10.54 | 3.61 
1, 0665 | 7.50 | 6.55 | 2.70 
1. 0570 | 2.81 | 7.79 | 3.40 
1. 0634 | 2.21 |10.22 | 3.07 
1. 0626 | 2.20 |10.00 | 3.20 
1.0587 | 4.87 | 5.28 | 4.25 
1. 0674 | 3.20 | 9.43 | 3.77 
1.0704 3.26 |10.68 | 3.16 
1. 0722 | 2. 84 |10.62 | 4.04 
1.0590 | 2.24 | 8.81 | 3.45 
1.0591 | 2.29 | 8.50 | 3.71 
1.0590 | 2.45 | 8.50 | 3.55 
1.0557 | 1.94 | 7.88 | 3.88 
1.0540 | 2.84 | 7.49 | 2.97 
1.0540 | 3.31 | 7.10 | 2.89 
1.0540 | 3.70 | 6.49 | 3.11 
| 


Remarks. 


Cut short heads very 
green. 
One hill. 


Stood 36 hours. 
One hill. 


Do. 
Do. 
Stood one day. 


| Average of field. | 


Six days after a freezing 
frost. Juice from the 
crusher. 

Twelve days after the 
freeze, and after four 
days of rain and an- 
other freeze. 

Same as preceding but 
one day later. 


Copy of report of G. H. Failyer, professor of chemistry in Kansas State Agricultural 


lege, at Manhattan. 


EARLY AMBER CANE. 


Date. 


| Seed in stiff dough 
Seed hardening dough 
| Seed dry, but easily split 
Seed split with some difficulty; 7 
Split with difficulty 


Condition of cane. 


Seed hard and 


Seed entirely dry 
Seed shell out easily 


9) 


teet. 


Average height, 


| 


poecobee 212 6 
if 
ied 6. 


sry sa See we 


CROP OW OID oO 


Total weight. 


DARAARAMAAAH 


Average weight. 


Weight of juice. 


Per cent. of juice. 


Specific gravity. 


~ 


lel soll ceed el oe el ll ll 


062 


Col- 
td oe) 43 ai 
cP) 
= 8 Ble 
. - ees 
nD i= i 
i=] o oO =| 
‘ae | & lee 
se8/ ¢ | ¢ |e 
i) rs) S lym 
3 |2)2s 
sal a) DM |M 
14. 42 10. 67 
14. 41 10.15 


ROOM RK be bo bo 
WASONWN ORR 
MIOWAIOwwn veo 
NNR Dr wre 
1 O1rW BP OO We OF 
AXQOODWe PD 


Date. 


Oct. 8. 


Date. 


21 


May 
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Copy of report of G. H. Failyer, professor of chemistry, §c.—Continued. 
LINK’S HYBRID CANE. 


e Gay lise Se | 8 Bey Seale 
Sy) a S fe 1 oa o) cr) op 
is 0 ED ee ice | gs Sh ene 
ey a Co) = eH a ae A al VSS 
nae ~ ney E ey i) =] oS) ~oO 
Condition of cane. oie a a ° 3 eo | oe pA Bi loo 
ia = of = | 3) NO co) o {Ag 
' S Pe 8 =| ® c= iB 2 |_2 
B S mA =p Y 5 | 3s S) So Mas} = 
Blot) meee eee Rb eh Bg ie 
<{ Si | eal | a 6 | a |p 
| cestceaiesis 
Seed in stiff dough. ....-..--. 5.3 | 5.130) . 855) 2.677] 52.18) 1.048) 11.32) 3.18 | 6. 21/1. 93 
Seed hardening dough..-...--. 6.1 | 5.560) . 927) 2.673) 48. 07; 1.052) 12.51) 3.08 | 7. 44/1. 99 
Seed dry, but easily split..... 5.2 | 4.396) .733) 1.885) 42.88) 1.046) 11.14) 1.812] 6. 28/3. 05 
Seed split with some difficulty, 5.7 | 5.572) .919| 2.680) 48. 64) 1.046; 10.92) 3.01 | 6.31/1. 60 
Split with difficulty .-.....-.. 4.8 | 4.554) .756) 2.388) 52.67) 1.040; 9.36] 2.99 | 3. 98/2. 39 
Seed hard and dry...-...-.-.- 6.3 | 4.468) .745) 2.220} 49. 66) 1. 048) 11.48) 2.91 | 6. 57/2. 00 
KANSAS ORANGE CANE. 
Seed in stiff dough........... 6.5 |10. 600) 1. 766 5. 711) 53. 88) 1..062).15. 13) 1.74 | 10. 71|2. 68 
Seed in hardening dough...-. 6.1 | 9.498) 1. 899 4, 924) 51.81) 1. 066) 14. 78] 0.56 | 11. 62/2. 60 
Seed dry, but easily split aE Ae 6.0 | 8.763) 1. 753, 4.595} 52.43) 1. 056) 15.16} 0.75 | 12. 30/2. 11 
Seed hard and split with diffi-| 6.7 | 7.355) 1.839) 3.853) 52. 42) 1.061) 14.57/ 1.18 | 10. 47/2. 92 
culty. | 
HONDURAS CANE. 
| | 
Seed in hardening dough... | 8.1 | 5.955) 1.985) 3.417, 57.38) 1.061).-....| 3.29 | 9.76 |... 
an | 
Meteorological.* 
Temper- Remarks Date Lenape: Remarks 
ature ; 3 ature. : 
On, oF, 
60 | Cloudy, high wind. May 29 68-78 | Slight rain; heavy rain in the 
60 | Heavy rain during night. evening. 
56 | Terrible wind storm : tem- 30 52 | Heavy rain all night. 
perature raised to 75°. ° 31 ‘70 
54 June 1 72-83 | Heavy showers through the 
58-64 | Light rainin afternoon ; hard night 
Tain at night. 2 64 
57-70 | First cane appeared. 3 57-80 ) 
58-60 | Light rain during night. 4 68-78 | Light shower 5 to 7 a. m. 
56-66 5 74-80 
64-88-92 | High south wind. 6 78-80 | Heavy thunder shower. 
64-82 | Slight rain, with hail. 7 78-84 
56-72 8 78 | Rained all night. 
60-70 9 62 | Rain. 
60 10 80 | Heavy thunder storm. 
76-84 11 70 | High winds. 
72-84 | 12 66 | . 
72-86 | Very high wind and rain. 13 62-85 
| 62 Do. 14 63-80 
64 15 77-95 
56-68 16 82-95 
68-76 | Heavy rain in the night. 17 82-93 ; 
70-76 18 76-95 | Threatening rain, very close. 
56-74 19 80-97 
60-76 20 80-103 
66-60 | Heavy rain. 21 82-103 | High south wind. 
66-75 Do. 22 82-102 
64-76 23 82-97 
62 | Rain. 24. 90-96 | Heavy rain. 
60 25 78-90 
52-70 26 76-89 
60-76 27 76-88 | Cane 3 feet high. 
62 | Very high south wind; sand 28 76-102 
storm cut off 100 acres cane. 29 68-105 
72-90 | Very heavy rain. 30 80-100 
70-78 July 1 78-95 
62-78 2 80-102 
oe ae No wind all day. 3 80-98 


* Record of Prof. M. Swenson, Chemist Kansas Sugar Company, Hutchinson, Kansas. 


70 


NORTHERN SUGAR INDUSTRY. 
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[Record of Prof. M. Swenson, chemist of Kansas Sugar Refining Company, &c.—Continued.] 


Temper- 
Date ature 

July 4 80-97 
5 79-93 
6 77 
7 68-80 
8 72-83 
9 72-90 
10 76-92 
11 100 
12 82-104 
13 82-94 
14 78 
15 ’ 80 
16 80 
17 76 
18 78-95 
19 80-95 
20 80-95 
21 82-93 
D2). | Saere sreveters 
QB || cn npotetate orate 
DAS etry terete sta 
20) | ces eek 
26 104 
27 80 
28 75-90 
30 70-72 
31 67 
Aug. 1 78-90 
2 78 
3 68-76 
4 68 
5 68 
6 76 
u 79 
8 82 
9 90 
10 100 
11 100 


Remarks. Date. pees Remarks. 
Aug. 12 90 
pide, 95 
Heavy rain. 14} 85-100 ied! 
; 15 . 80 | Heavy rain and wind; slight 
injury to cane. 
16 82-97 
17 81 
18 78-96 
Slight shower. 19 80 
Slight rain through night. 20 76 | Rain in the night. 
Slight shower. 21 77 
22 72 
23 68-80 
Slight rain. 24 70-80 
25 74 
High winds. 26 80-95 |- 
Do. 27 64 
28 74 
Still warm. 29 72-85 
Do. 30 ee 
Do. 31 73 | High winds. 
Do. Sept. 1 75 
Heavy rain. 2 73 
3 74 | Commenced crushing in the 
afternoon. 
4 78-95 
Clear and hot. 5 70 
Heavy rain. 6 78 
7 77 
8 62-86 
Rain. 9 56 
Hard rain. 10 60 | Light shower. 
Slight rain. : : 70 | Started centrifugals. 
TA | cep sareess 
Slight rain in night. aU ee er 
Heavy shower at night. 1G: wae eee 
ite 50 


The following table of Kansas meteorology is compiled from the United 
States signal reports from Leavenworth, Lawrence, Holton, Topeka, 
Yates Center, Independence, Wellington, and Dodge City, and from the 
reports of the State Agricultural College at Manhattan, and of the State 
Normal School at Emporia: 


Meteorology of Kansas, 1883. 


TEMPERATURE. 
Lawrence. Topeka. Dodge City. 
Month. == 
Mean.| Max, | Min. | Mean.| Max. | Min. | Mean.| Max. | Min. 
oF. OF, OF. OF, oF. OF, OF. OF, OF, 

SU ANUU AT V3 pies nels eaten ciate 19. 6 47. 0 —14 17. 8 47.0 —21 22.1 59. 0 | —20 
WODIDATY:§ ~ 0. civa'saeob nti 27.9 67.0 —13 25.7 65. 0 —21 26. 2 67.0 —20 
WVEOPON SS ooo veses cided usan ee 40.9 69. 0 16. 0 39. 4 79. 0 9. 0 40.8 72.0 15. 0 
JU) Oe ee iorre soe pi an Dies 90.0 | 35.0 56.3 84.0 | 28.0 53. 0 85. 0 29. 0 
ENED fa cintel oie’ ait ie aim alevalay ie ara ce eee 62. 0 91.0 39. 0 62. 0 90. 0 44.0 60.5 88. 0 35. 0 
PNLTIOWE do ates santos careers cate 71.4 94.0°| 48.0 (3) 95. 0 56. 0 70.5 97. 0 48.0 
DD ie aw airsiaaiaeyts Ao we (*) (*) (*) 78.0 99.0 | 63.0 76. 2 99. 0 56. 0 
PUTS Ustasace ia ate oles taint Peeters 72.0 92.0 52. 0 73.5 95. 0 54. 0 71.7 92.0 53. 0 
September 5508 en2is wlsee Le 63. 5 91.0 46. 0 61.0 94. 0 47.0 64.1 97.0 39.5 
CTO DEL into cs wean oe YAS | 87.0 | 32.0 Bono 86.0 | 25.0 50. 8 90. 0 26. 0 
WNGveMmuUCr= sso eo. hoe eee 42. 8 74.0) 14.0 *) 74.0 |) 13.0 41.8 73.0 14.0 
MICCOM DOP i) os sade) otek. BE ai 63.0 | 35.0 seal 73.0 | zero. 34. 8 67.0 2.0 

Means eiss/),.lus. (oa) Ue ee Sez act pene 


* No record. 
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PRECIPITATION. 
Month. Lawrence. Topeka. Dodge City. 
Inches. Inches. Inches. 

PIED ERIM EMT geveyede Netataveiear aetcialaietavate vse lee = ate atalaljarat tae Sistaleicvals%e, aim cyepere te 0.7 . 50 0. 44 
Js TMI. sdodseb sadseuosdade Sodeeosucs oe en Shae sonopsoeess 2. 31 3. 10 1. 42 
{ESCM oan BES DR SRS BOBS BCOUOOU DE SEED BADR RS Um ar barisas mise pes fr 1. 28 0. 81 0. 42 
2 (IL 2 ocd sé bs 638 QUA APEC Nee ieee Ae a easel sete aie mp 2. 12 1. 60 2. 40 
MIF scot Se nee i Pai een Hee a ie 7. 63 6. 42 5. 41 
TUDO 9-2 nnn ene eee eee eee 7. 73 7.05 4, 31 
[iat he a ae SE DESROS TEASE NS TEU GIE SO SRC Re em clmees nee (*) 6. 52 2. 61 
ANTEETIS Balsa BAB RES Seles el ees SOPs Rane oe Hee ae eae a 2.12 4.17 5. 66 
ib TL SLIDONE | has CARS e ote Bee aC ae Mee a Coen Beet 1,25 0. 88 1, 32 
CTO Ogee eee sited Mare einiangers ot sbmemeieie Sareea Bra Mtoe meals 6. 75 6. 14 3. 32 
EN Oomemll ormreetete erste eiste etatare ticle Mlcleniote stavaint iaiaioyete eis etaleloard arate etcte 0. 73 0. 81 0. 12 
Be OT ee 55 er, ace a eo seme minh ie aiplesnie cis: eid on THOUS Hames cee 0. 77 (*) 1. 07 

MRO tall Spremrenere ernie etna eeis cpeitepels ticininlne mcieminc skin we mel etek rite cwmrml wt cL uth 28. 50 


* No record. 


The following historical notice of the development of the industry in 
the West is a fitting appendix to the review of the present condition 
of the sugar interest in Kansas, which has just been given: 


HISTORY OF SORGHUM CULTURE IN KANSAS. 


The following paper was read by Hon. F. G. Adams before the Kan- 
sas State Sorghum Growers’ Association, February 14, 1884: 


_ The history of sorghum culture in the United States corresponds, in point of time, 
with the history of Kansas itself. The settlement of Kansas began in the year 1854. 
Sorghum was first noticed by the agricultural division of the United States Patent 
Office in the report of that Department for 1854. Just thirty years ago it was, this 
winter, that our national seed hunter was studying sorghum in France, aud during 
the same month the people of this country were being excited over the discussion of 
the question of opening Kansas to settlement. The people of the Southern States 
were studying how they should add another slave State to the galaxy, while those 
of the North were strongly opposing such project, and organizing to— 


‘“Cross the prairies as of old / 
The: Pilgrims crossed the sea, 
To makethe West as they the East, 
The homestead of the free.” 


The population of the new States and Territories of the West have always been 
large consumers of molasses; this in the first years of settlement, by reason of the 
lack of fruit and of other necessaries and luxuries, which only come with improved 
circumstances and conditions of life. Before sorghum sirups came to be introduced 
New Orleans molasses was in almost universal use throughout the Western States. 

When sorghum came to be known as a valuable home-made substitute, it immedi- 
ately became popular. Every early settler in Kansas remembers that at the first, 
sugar and molasses were articles of prime necessity here; molasses more than sugar. 
In the pioneer wagon, tent, or cabin life, molasses served the purposes of butter, of 
milk, of fruit, and of sundry other condiments. We all came to Kansas by the way 
ofthe Missouri River, and all outfitted more or less. at Saint Louis. No one failed to 
bring along a jug, ten gallon keg, or half barrel of molasses; and whatever was the 
quantity, it was one of the first articles of the supplies to fail. 
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The first seeds of the sorghum distributed from the United States Patent Office 
were procured by the Commissioner in France in 1854 and were planted in 1855. 
After two years of experimental cultivation action was taken for an abundant sup- 
ply of seeds for planting in 1857. In his report for 1856 (Patent Office Report, 1856, 
page 5), under date of February 17, 1857, the Commissioner says: ‘‘There seems a 
reasonable probability that it (the Chinese sugar-cane) will furnish almost every por- 
tion of the United States with means of producing, economically, all the sugar, or 
at least the sirup, which may be needed for domestic gonsumption, and even, perhaps, 
much for exportation. Steps have been taken the past season to supply the means to 
extend the cultivation of this product into every portion of the country. This office 
procured, in the first instance, 175 bushels of the seed which had been grown in this 
neighborhood, but finding that the demand was far from being supplied, 100 bushels more 
have been recently ordered from France. As every bushel contains seed sufficient to 
plant more than thirty acres of :ground the whole amount distributed from this office 
during the present season will plant more than 8,000 acres; and, as each acre will 
yield on an average some 40 bushels of seed, there will probably be grown during the 
present year enough to plant more than ten million acres in 1858, should it all be har- 
vested for that purpose; and this is independent of all which may be introduced from 
other sources. The country may, therefore, be reasonably expected to be fully sup- 
plied with this seed after the present season, and further distribution thereof from 
this office will not be necessary. 

[It may be a matter worthy of note here that, in his report to the Commissioner 
of Patents in 1854, and published in the Commissioner’s Report for that year, Mr. 
D. J. Brown, states that Mr. Leonard Wray, who had given much attention to the 
cultivation, and had experimented upon the juice of the sorghum in Natal, Africa, 
informed him that in the neighborhood of Natal the Zulu-Kaffre, after gathering 
the canes of the plant, preserved them for a long time by burying the staiks in the 
ground, notwithstanding the climate of their country is very warni and damp. Does ° 
not this suggest that in Kansas the season of manufacture might be much prolonged 
by placing the canes in receptacles similar to the silo ?] 

When first noticed in the Patent Office Report, in 1854, sorghum had not been intro- 
duced into the United States, but an agent of the Government furnished that year 
for the report some account of the cultivation of the plant in France, where it had 
been introduced some four or five years before. A small quantity of seed was then 
procured by the Commissioner and given to a few persons in different portions of this 
country for planting in 1855. ‘Lhe first reports made of experiments in the culture 
appeared in the Commissioner’s Report for 1855, whieh was published-in 1856. These 
reports of experiments are curious, as showing that the cultivation and manufacture 
of sorghum in this country was, that year, a great novelty and wholly experimental. 
No instructions as to mode of planting, cultivation, or use had accompanied the pack- 
ages of seeds received. These were simply the words printed upon the packages: 
“‘Good for fodder, green or dry, and for making sugar.” Mr. Brown, the European 
agent, in his report had stated that the great object sought in France, in the cultiva- 
tion of this plant, was the juice contained in the stalk ; ‘‘ which furnishes,” he says, 
‘three temporary products—sugar, which is identical with that of cane sugar, alco- 
hol, and a fermented drink analogous to cider.” 

The reports of experiments made in 1855 were from seven States—Illinois, Minne- 
sota, Missouri, New York, Pennsylvania, South Carolina, and Virginia. All showed 
favorable results as to sorghum as a forage plant, and in two instances promising re- 
sults coming from rude experiments in making molasses. 

That year, 1855, was the first year of crop raising among the new settlers of Kansas. 
None of these settlers probably received seeds for that year’s planting, and the news- 
papers had not then begun to speak of sorghum. No popular information seems to 
have appeared on the subject before 1856. My own first definite recollection of the 
plant isfrom having grown a few stalks in my own garden, in the city of Atchison, in 


ee 
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1858, yet no doubt it was grown in Kansas in 1857, and possibly in 1856. The enter 
prising and needy population of Kansas Territory of that day may well be supposed 
to have quickly seized upon an article of cultivation which promised to supply 
them at the cost of little more than their own labor with an article of so great use 
and economy, heretofore a heavy drain upon their scanty resources. 

The first mention of sorghum made in a Kansas newspaper, so far as has come 
under my observation, is found in the columns of the Herald of Freedom, published at 
Lawrence, of date November 22,1856. This was the second year of the distribution of 
seeds from the Patent Office, and at the close of the second experimental year in this 
country. This mention was not concerning a Kansas experiment, but one made that 
year in Bucks County, Pennsylvania. In this, details are given in such manner as to 
imply that the subject was entirely a new one. The results shown were favorable as 
to sorghum as a fodder plant; nothing as to sugar or molasses. 

In the next issue of this Kansas paper, that of December 6, 1856, is an article 
copied from that then leading agricultural paper in the West, the Prairie Farmer, 
Chicago, in which, under the head of ‘‘Sugar Millet,” a writer says: “As it seems 
desirable to obtain all the information possible in reference to the sugar millet, or 
Chinese sugar-cane, I give such facts as I have been able to obtain in reference to 
my own experience.” The writer had planted in his irrigated garden in Illinois a 
square rod of ground, with a package of seed which had been sent him from the 
Patent Office; planting late in the season, for at first he had thought of doing noth- 
ing with the Roca consider ing it rather in the li ght of a hoax. After the cane had 
grown, he let the frost nip it. He then cut it down and threw it to one side in order 
to plant the patch to strawberries. After that, and after the cane had lain ten days 
in a heap, seeing in a newspaper the account given by Governor Hammond of his ex- 
periment the year before in South Carolina, the Illinois writer took some of his canes, 
cut them into 3-inch pieces, and put them through his cider mill and then through 
his cider press, thus getting out seven quarts of juice. This he evaporated, and ob- 
tained a quart of a fair specimen of molasses, cleansing with soda ane a little milk. 
He seemed to consider his experiment as a promising one. 

Our Kansas Herald of Freedom of December 20, 1856, has a scrap from a Nebraska 
paper, in which the editor acknowledges the receipt of a small quantity of molasses 
manufactured from sorghum cane grown in that Territory. As Kansas was far 
ahead of Nebraska in most everything in those times, not excepting the matter of 
political commotion within her midst, it is not to be doubted that she was, at the 
least, even with her neighbor on the north as to time in sorghum planting, and it is 
ee erea that it will yet be found that sorghum was grown in Kansas in the year 
1858. 


At the close of the reading of this paper before the Sorghum Asso- 
ciation, Mr. F. W. Giles, of Topeka, arose and stated that in the autumn 
of 1855, being then postmaster of Topeka, he received from the United 
States Patent Office a small quantity of the Chinese sugar-cane seed, 
as it was then called, and inthe spring of 1856, planted it upon his farm 
near Topeka. The growth of the plant was watched with deep inter- 
est, and when it had attained maturity it presented a spectacle so novel, 
and so suggestive of future possibilities to the new Territory, that he 
contributed an item upon the subject to the Kansas Freeman, a newspa- 
per then published at Topeka. In the succeeding winter, great inter- 
est being felt throughout the country as to the results of the new cane 
culture, he gave information that he had successfully grown the plant, 
and had saved a small quantity of the seed, which he offered to persons 


_ who might desire to secure it. Some forty small packages, containing 
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an ounce of seed each, were sent to the southern portions of the Territory 
for distribution, and a pound or more to the vicinity of Fort Riley. Other 
parcels were sent to Atchison and to Lawrence. Beginning with 1857, 
sorghum sirup has been a product among the farmers of Shawnee 
County continuously, to this time. 

Mr. Giles stated that he had not been informed of any other instance 
of the growth of sugar cane in Kansas in 1856, and he thought it prob- 
able that the few hours devoted by him to its culture, and the subse- 
quent distribution of seed by him, may have been the true beginning 
of the industry in Kansas. 

The issue of the Kansas Herald of Freedom of December 27, 1856, 
contains as far as I know, the first editorial article on this subject ever ~ 
written and published in Kansas. This article smacks of politics a 
little, and makes a criticism of the sugar tariff, and of slaveholding. 
‘We pay,” the editor says, ‘for sugar now from 16 to 22 cents per 
pound; for molasses trom $1 to $1.20 per gallon. In order to keep up 
the Louisiana sugar planters, we have to pay a duty of 30 per cent. 
ad valorem on all imported sugar. ‘The expenses of sweetening a fam- 
ily has really become a very considerable item in housekeeping. The 
prospects of getting it cheaper are not very flattering, if we depend 
upon our Southern planters to produce it. Their annual crop has 
dwindled from 470,000 hogsheads per annum to 120,000, nearly three- 
quarters less than it was ten years ago. This is a strong argument for 
the repeal of the tariff, which would no doubt be done, were it not for 
the interest of the slaveholder to retain it. But we have the tariff, and 
it will probably be retained for their benefit. This may in the end be 
fortunate for the country, for it will stimulate very considerably the 
cultivation of the Chinese sugar cane. This is destined, at no distant 
day, to be one of the staple productions of Kansas, and perhaps of all 
the Middle States.” And here the editor remarks, in, reference to 
Kansas, what twenty-seven years of cultivation since has well demon- 
strated, certainly so as applying what he said to the climate of Kansas. 
‘The soil of Kansas,” he says, “is remarkably adapted to the favor- 
able growth of this plant. The spontaneous vegetation indicates a 
warm alkaline soil, free from acids, and well calculated to secrete sac- 
charine, in plants favorable to elaborate it. This is seen in the superior 
Sweetness of our sugar beets, watermelons, and sweet gf The 
climate is also favorable; it being warm and dry.” 

And the next spring, 1857, the cultivation of sorghum was no doubt 
well begun in Kansas. In a issue of the Herald of Freedom of April 
11, 1857, the editor says, in a paragraph under the head of ‘ New arti- 
cles of agriculture,” as if there had been known to him no cultivation 
of sorghum in Kansas before that time: ‘‘Several persons are going 
into the sugar business this season sufficiently large to test the value 
of the new sugar plant. Caution is necessary at first in order that per- 
sons may not lose too much by failure. Experience is necessary.” 
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By 1860 Kansas, with a population of a little over 100,000, produced 
nearly 88,000 gallons of molasses, or four-fifths of a gallon to each inhab- 
itant. Though the year 1860 was one of unparalleled drought in Kansas, 
but four States exceeded our Territory that year in the production of 
this article in ratio of population. These States were Indiana, Iowa, 
Ohio, and Tennessee. In 1870, with a population of about 350,000, 
Kansas produced, in round numbers, 450,000 gallons of sorghum sirup, 
or 14 gallons to the inhabitant. But three other States—Indiana, Ken- 
tucky, and Tennessee—equaled this ratio of production. In 1880 Kan- 
sas, with a population of not quite 1,000,000, produced 3,250,000 gal- 
lons; and in 1883 the production was over 44 gallons of sorghum sirup 
to the individual inhabitant; and the same year there was produced 
within the State, as estimated, nearly 500,000 pounds of sorghum sugar. 

The high price of sugar and molasses during the war greatly stimu- 
lated the cultivation of sorghum. But a drought in 1863 in the West- 
ern States, followed by an unusually severe frost before the plants were 
ripe, nearly destroyed the sorghum crop, and greatly discouraged and 
lessened the planting in most of the Western States for some years 
thereafter. Kansas was, however, comparatively exempt from -the 
calamity of 1863. 

At the annual meeting of the Kansas State Agricultural Society at 
Topeka, in January, 1864, among others who brought in samples ot 
sorghum products for exhibition, of the crop of 1863, Hon. Charles B. 
Lines, of Wabaunsee County, exhibited some samples of sorghum sugar 
of superior quality manufactured by him. Mr. Lines gave an account 
of his experience in sorghim cultivation and manufacture in Kansas, 
running through a period of six years. This account was published in 
the Kansas Farmer of April, 1864. His first seed, planted in 1858, was 
procured direct from the Patent Office at Washington. For that and 
several subsequent years his was the usual early experience; that from 
the use of wooden mills and of evaporating pans of the most primitive 
construction. By 1862 he had an iron mill and Cook’s patent evap- 
orator, and results were good. He manufactured for most of the 
farmers of his neighborhood, for by that time, twenty-two years ago, 
and only eight years after the introduction of sorghum into this country, 
almost every farmer in Kansas had hissorghum patch ; and it was quite 
generally raised for making sirup, one mill and evaporator doing serv- 
ice for a neighborhood. 

In 1863 Mr. Lines planted both sorghum and imphee, and that year 
he obtained sugar from the canes of both. As to the imphee sirup, 
evaporated in the usual way, it was placed in barrels in a cellar; and, 
after a few days, an examination revealed the fact that the barrels were 
more than half filled with sugar. The sirup was then withdrawn and 
the sugar placed in common salt barrels, with the heads perforated with 
gimlet-holes, and set over atub todrain. The result in a few days was 
a beautiful article of clean, dry sugar. This was in a cool cellar, and 
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in the month of October, and yet about one-half of the mass in each 
barrel was well drained and fit for table use. From the three barrels 
of imphee sirup not less than 300 pounds of sugar were obtained. But 
while all the imphee manufactured by Mr. Lines grained freely, but one 
barrel out of ten of the sorghum produced any considerable amount of 
sugar. — | ' 

Mr. Lines, in his paper presented to the Agricultural Society, re- 
ferred to the existenceat that time of a State Sorgo Association in Ohio, 
and stated that persons who had examined the more than fifty samples 
of sugar collected from various parts of that State by that association, 
testified that they did not see a single specimen that would begin to 
compare with those exhibited by him at the Kansas meeting, and pro- 
duced by him’in Wabaunsee County, and he said: 

This state of facts can only be explained upon the spaesunen that our soil and 
climate are better adapted to this culture; for certainly the farmers of Ohio must 
have possessed greater facilities than we have enjoyed. But, without reference to 
soil, it is obvious that the more highly rarified condition of the autumn in Kansas is 
pre-eminently adapted to the concentration of the saccharine element and the pro- 
cess of granulation, which gives us greatly the advantage and satisfactorily ex- 
plains the whole matter. Well, then, may we congratulate ourselves and the farm- 
ers of our State that a new and broad field is open to our enterprise. Heretofore our 
supplies of: sugar and molasses have come to us chiefly from the plantations of Louisi- 
ana, the fruit of the unrequited toil of the oppressed bondmen and women of that 


region. 
¢ 


And he concludes with this prophetic romigalee 


Hereafter, if the auspicious omens now opening before us are justly regarded as 
significant of successful results, a portion of our broad prairies will rapidly be con- 
verted into sugar plantations, machinery for its manufacture propelled by steam be- 
come common in all parts of our State, and this great staple will be manufactured 
by the intelligent free labor of our people in quantities vastly beyond our need for 
home consumption. 


But it is known to all how these accidental or phenomenal crys- 
talizations in those early times excited hopes which were not realized, 
and how experiment after experiment, kept up through many years, 
failed to bring reliable and satisfactory results. It is known to all 
that sorghum sirup failed to become established as a popular article for 
table use, and that until recentiy it may be said to have maintained a 
place in manufacture, for use only as a substitute for something better 
where necessity compelled it. Yet through all these years there have 
been those who, patiently and with faith, labored to solve the problem 
of sorghum sugar. And now all believe it is solved. Now the predic- 
tions of the most sanguine of the early experimenters are beginning to 
be realized, and we have a near future before us of seeing Kansas a 
great sugar-growing State, the foremost State of all. The later facts 
as to this industry and as to the recent developments in the manufact- 
ure of sugar, and of better qualities of sorghum sirup, have been so 
fully set forth in the admirable reports of .the Kansas State Board of 
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Agriculture, in the Kansas Farmer, and other publications of the State, 
that it is not necessary to speak of them here. 

Anything like complete information as to the history of the sorghum 
production in Kansas would be impossible without great research and 
much inquiry among the inhabitants. Time has not permitted me to 
bestow this work upon the subject in the preparation of this paper. 
What has been here presented may possibly serve the temporary pur- 
pose of the gentlemen who laid out the work of this meeting, and may 
aid the future historian in more extended inquiries. 


SORGHUM IN ITALY.* 


EXPERIMENTS MADE UNDER THE CARE OF THE MINISTER OF AGRI- 
CULTURE. 


‘‘The sorghum Amber cane of Minnesota, so called on account of the 
amber color of its seed, is a variety of our common broom-corn (Sorghum 
saccharatum), from which, while it does not differ in its specific char- 
acter, it is easily recognizable by not having the interior of the stalk 
filled with a white and dry pith, but rich in saccharine juice. This 
close affinity is the cause of the easy hybridization of Amber cane, and 
- when cultivated in the vicinity of the broom-corn of our fields there is 
danger, after some lapse of time, of the stalks becoming dry and poor 
in saccharine substance. 

Whilst the Sorghum ee oneritum grows spontaneously in the Kast 
Indies and in Arabia, the variety we are speaking of came to us from 
America, where it is called Early Amber. In 1856 and 1857+ seeds of 
various kinds of sorghum were introduced into the United States from 
France and England, and under theinfluence of the climate and of culti- 
vation they have been modified, and multiplied. 

In the experiments made at Washington upon the saccharine richness 
of sorghum in 1881, twelve States of the Union figured as having furn- 
ished seeds of thirty-four varieties. In 1877 it was found that in the 
juice of Minnesota Amber cane there was a large deposit of sucrose, 
and from that time accurate ee Se: were commenced in Amer- 
ica on the subject. 

Also in Italy, in the years 1880 and 1881, experiments were made under 
the care of Commander Chizzolini in Mantua, of Mr. Sacerdoti in Mo- 
dena, of the Technical Institute of Viterbo, in the district of Viterbo 

and, of this department in the fields set apart for experiments of the 
agricultural stations scattered throughont various provinces. But the 
difference found in the results of culture and in those of saccharometry 
rendered manifest the utility of new studies that should show clearly on 


*Annali di Agricultura; Esperimenti Culturali Sul Sorgo Ambrato. 
t These dates are erroneous. See Report of Botanist.—R. 
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what conditions this new saccharine plant could be advantageously in- 
troduced into our country for the purpose of extracting its sugar or for 
aleoholization, and likewise as fodder for cattle. 

Therefore the Department, in accordance with the resolution of the 
Chamber, which requested the Government to promote, by every means, 
the culture of sorghum and the beet-root, decided that a new cultural 
experiment should be made in 1882, and in the month of March distrib- 
uted Amber-sorghum seed to all the agrarian stations of Udine, Forli, 
Firenze, Pnoma, Caserta, Palermo, to the agrarian schools of Pesaro, 
Seerni, Portici, Lecce, Catanzaro, to the Zootechnical School of Oil-mak- 
ing of Bari, to the Agricultural Colony of San Martino near Palermo, 
to the Technical Institute of Viterbo, to the Society of Acclimation of 
Palermo, and to Protessor Missaghi, president of the Vine Culture Com- 
mission of Cagliari. 

Beside inquiring into the influence exerted by the various climates of 
Italy upon the cultivation of Amber sorghum, it was desired to know 
what difference of results would be obtained by using seed imported 
directly trom Minnesota and the seed reproduced in Italy, which is the 
most advantageous mode of sowing, to what extent the richness of 
sucrose varies in the different stages of the vegetable period, and what 
is the most suitable time for the harvest; in what proportions and with 
what degree of rapidity the conversion of sucrose into‘glucose takes 
place in the gathered stalks; in what climates the éultivation of Amber 
sorghum can be carried on with more advantage than that of maize or 
beets. 

The method of cultivation of the beets and sorghum was written out 
in detail, so that all the experiments made in different parts of the king: 
dom should be carried on under the same conditions. 

Samples for analyses were taken at stated times and by uniform 
methods; the analyses were all carried on in the same way, and hence 
the results are strictly comparable. 

The method of analysis was as follows: 


CHEMICAL RESEARCHES ON SORGHUM. 


The juice was extracted by grating the cane and squeezing the pulp 
obtained by means of a good hand-press. It was found that by opera- 
ting in this manner there remained ir the pulp from one-fifth to one- 
sixth of the juice, since the sugar which was obtained by diffusion in 
water varied from one-fifth to one-fourth that contained in the juice ex- 
tracted. 

The glucose and sucrose were determined with the cupropotassic 
reagent of Fehling, the results being controlied with solutions of sugar 
and with the optical saccharometer. | 
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Results of experiments made by the Zootecchnic School in Reggio, by Professors Zanell; 
and Spallanzani. 


TABLE I. 
Mear of each cane. 
vest. alysis. | to weight of of juice at 
Length. | Diameter. | Weight. cane. 15° C. 
Meters. |Millimeters.| Grams. Per cent. 
SeOpby ass: sept, Lo222 =: 2.10. 18.0 485. 0 58. 30 1. 072 
(Sanaa Ce 1. 85 21.0 — 429.5 56. 84 1. 083 
Dees ve, Haass Wy (5) 22. 0 519. 5 55. 52 1. 092 
ey ee ee Ove * Wfeagade 1. 70 17.0 457. 0 52. 72 1.107 
TABLE II. 
4 = — 
‘ Juice. 
§ 3 Sum of Coeff 
Date of harvest. Waine ces lysisiot two econ cient of 
| Glucose. | Sucrose. | S48?"S- i: ey 
Per ct. Per ct. Per ct. Per ct. 
SOG tise secs cen se cieas Septimlb cae suede. se cies 2. 20 16. 49 TES OAD eae teres: oe NER cota 
figs ee Hewett 2 soos Dine Se ects See crass 3. 15 15. 43 LORS ter od Samer Be innate 
elie Ses re NC Pk La Qeecens este ea Ae 5. 96 15. 95 21. 91 6. 30 56. 54 
le i oo Se ene OCt Spices Sos eS a5 7. 96 7. 09 15. 05 9. 84 24, 46 
a ak ¥ ie | 
TABLE IIL. 
o = ° 
P3258 Result per 100— 
rs) x we if, 5 . 
Date of harvest. Date of analysis. j By Of Fen) of vane ae 
g ee Of Of a analyzed. 
ESS glucose. |sucrose. sugars. 
SCidib, hee aoe kee eee Oct. 2....-..-........-.| 50.76 | 10.65 | 13.63 | 24.28 | Lower part. 
Obi bss Peectiecic Sree Nos PRA OE ER epee Vas Vo oh BY Birt 6.85 | 17.57 | 24.42 | Upper part. 
al 3 Bes) cashes Raaeeey renee epee dae ta le be As 66. 34 7. 68 9.46 | 17.14 | External part. 
aE mie et ees Eyles, Fase So -| 58.48 6. 09 5.51 | 11.60 | Internal part. 


To sum up from the observations and the comparisons on which the 
preceding investigations bear, we come to these conclusions: 

1. The culture of Amber sugar-cane may very probably give, in our 
country, a rich yield of crystallizable sugar, as it does in that American 
State (Minnesota) from which the p!ant was originally brought. 

2. By prolonging the time which intervenes between the harvest of 
the sorghum cane and its analysis, the juice obtainable therefrom and 
its percentage in sucrose diminishes, while there is not always an in- 
crease of glucose. Perhaps, by putting the cane under the ground 
and moistening it before this is done, the losses may be considerably 
reduced. hee 

3. The upper internodes and the peripheric strata of the cane seem 
to yield a greater abundance of saccharose than the lower internodes 
and the central strata, so that it would seem advisable not to sow thick 
and to cultivate sorghum, just like beets, in such a way as to obtain the 
product of an average and suitable size. 
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4. The beets were not equal as regarded quality. The unusual con- 
dition of the season and the tardy harvest were probably the causes of — 
their failure. 

The fact that the sorghum did better, in spite of the same unfavor- 
able climatic conditions and the same condition of cultivation, is a cir- 
cumstance to be considered for the purpose of. encouraging the manu- 
facture of sugar. 

Studies on sorghum intended to demonstrate the utility of its culti- 
vation in a chemico-agricultural point of view should be repeated in 
order to ascertain the changes which take place in its constitution, not 
at previously fixed times, but continually, in order accurately to ascertain 
the phase of development in which the gathering may take place with 
most advantage, and to determine what appearances accompany that 
phase and the peculiarities of constitution which correspond thereto, 
and which are most easily observed.” 

The report of the Minister of Agriculture next gives tables of the re- 
sults of the culture of sorghum, and from them the following conclusions 
are drawn: 


‘‘CONCLUSIONS AS TO THE SOIL INFERRED FROM CULTURAL OBSER- 
VATIONS. . 


1. The cultivation of sorghum, even in lands of moderate richness, 
succeeds very well in the same conditions as that of common maize, and 
when the chemico-industrial question is settled there will be nothing 
to fear in this direction. 

2. The seed of acclimated sorghum gives a larger yield and a more 
vigorous plant than the original seed. 

3. For the quantity of the yield sowing in line is preferable to sow- 
ing in tutts. 

4. The yield of the stalks of the sorghum increases in quantity from 
the blossoming to the fecundation and the maturation of the seed; 
then it diminishes somewhat, and increases again after the autumnal 
rains. 

5. In grounds tending to form a crust, the depth of planting must 
not be greater for sorghum than two centimeters, the depth of three 
centimeters having been found excessive even ia the present case. 
Besides, as to the sowing, it is to be observed that it should not take 
place too early; it should be delayed until a stated season in the spring, 
from the first to the last of May. To sow earlier, with the unexpected 
return of coid, sorghum suffers, and in any event is injured considerably. 

6. The enemies by which sorghum has been heretofore attacked are 
insects (which are easily destroyed by insect-powder made from tobacco) 
and birds. It is farther to be observed, first, that whilst the leaf of the 
beet is often found injurious to animals fed upon it, causing among other 
things diarrhea, the sorghum leaf, on the contrary, makes good fodder ; 
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second, that the cultivation of the sorghum is more rapid and leaves 
the ground free sooner. 

7. Likewise the grain of the sorghum furnishes a good food for cattle, 
as seen by the following analysis: 


Analysis of sorghum seed. 


TABLE IV. 

Ripe | Half ripe 

seed. seed. 

One hundred parts of seed contain: 

RPERGEREO eee yee Sey ney een Soe enone tk Ge soba ee eee ee eetices cd warps 8. 210 10. 620 
FARSI R es eee eet. cate rane Sb e.0 ciate ee hays ahs, «en chacehd wie ote rotace estae ieee ores ota 2.113 2. 340 
2A) DIOCESES C268 oe eno eUsActo6o sas Joeee eb SeSeacoosGeoor | sbonseeassces 13. 470 12. 300 
ED ene ey ees eo ES ore NY CRE Sek od ch ems ba wmicindsltbee caeaenp acs 3. 164 2. 593 
ALT ELE ORG STEP OA OS Se Sac a eee Scene or ee ee oe 70. 320 68. 980 
Fiber, &¢ Siege P Gat EE TEE AIR ARE BRE NRE, Gea SDS Rt came ee) os Perea Rc Sea a 1. 993 2.134 


METHOD OF HARVESTING. 


The harvest of Amber sorghum was made by cutting the stalks on a 
level with the ground, and was performed in four different periods, di- 
vided as follows: Ist. One quarter of each division immediately atter 
blossoming. 2d. Another quarter one month after blossoming. 3d. 
Another quarter shortly after the ripening of the seed. 4th. The last 
quarter fifteen days later, unless the different origins of the seed or the 
different cultivations made in the drills or hills delay or hasten very 
much the blossoming or the ripening of the fruit; the gathering should 
take place on the same day in all the divisions. 

For each gathering and each division, the following things were ex: 
amined separately: (a) the weight of ie seed heads; (b) the weight of 
the leaves; (c) the weight of the stalks (d) for the third and the fourth 
gatherings, the weight and the measure of the cleansed grain were also 
noted. 3 

The stalks being gathered, the extraction of the juice and the sac- 
charometric tests were made at three different times, that is: 1st. the 
day after the harvest; 2d, tendays after the harvest; 3d, one month 
after the harvest, mete account. (a) of the freportion 2 weight be- 
tween the juice and the stalks, (b) of the saccharine richness of ins 
juice, (c) of the proportion between glucose and sucrose. 


PROCESS EMPLOYED TO DETERMINE THE AMOUNT OF SACCHARINE 
MATTER OF SORGHUM. 


The saccharometric determinations were made with Fehling’s cupro- 
ammoniac reagent, the juice beiug first treated with basic acetate of 
lead, the excess of which was precipitated with carbonate of soda. 
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Here are the results obtained, at Modena, under direction of Pro- 
fessor Pirotta: 


Result of saccharometric determinations. 
TABLE V. 
First harvest. 


Juice obtained. Quantity per 100 of juice in— 
Plat of | Estimate of |Quantity of Density | 
ground. sugar. stalks. Saccha- se | ofjuice 
Absolute. | Per100. | rinemat-| Sucrose. | Glucose. 
ter. 
i 
Kilograms. | Kilograms.| Kilograms. : 
HTS hr. Soul See eee 1. 475 0. 900 61. 01 13. 82 8. 67 5.15 1. 0600 
5 6 UN ees 1. 550 0. 950 61. 61 14. 02 6. 62 7. 40 1. 0670 
BO) G6 Pepe bs 1. 380 0. 830 60. 14 IS 7) 13. 70 5. 05 1. 0905 
Second: | iter sae 1. 400 0. 750 58. 50 13. 00 7. 64 5. 36 1. 0590 
0) OR Re his 1. 475 0. 875 59. 32 15. 30 8. 20 7.10 1. 0710 
"LO ees 1.055 0. 505 47. 86 21. 26 15. 42 5.84}, 1.1010 
OI &, oo es ere 1. 500 0. 900 60. 00 5. 86 1.94 3. 92 1. 0355 
BO ake ere cece 0. 800 0. 500 62, 50 14. 90 7.17 7. 73 1. 0710 
MeL oe ek eee 0. 485 0. 260 53. 60 17. 70 8.14 9. 56 1. 0880 
HMouTth, 4s) eet eee 0. 950 0. 600 63.15 10. 23 5. 23 5. 00 1. 0500 
DD Geer 0. 750 0. 475 63. 83 13. 88 6.15 7. 73 1. 0660 
BEd 0) Sesh aaa 0. 530 0. 240 45, 28 18. OL 9, 53 8. 48 1, 0955 
TABLE VI. 
Second ‘harvest. 
Juice obtained. Quantity per 100 of juice in— | 
Plat of | Estimate of |Quantity of Deusity 
ground. sugar. stalks. Saccha- of juice. 
a Absolute. | Per100. | rine mat-| Sucrose. | Glucose. } 
ter. 
, 
Kilograms. | Kilograms. |Kilograms. 
Rirst 2) de sesee sees 1: 600 0. 950 59. 33 17. 03 14. 04 2. 99 1, 0810 
LT. S233 1. 450: 0. 940 64. 82 20. 61 14. 38 6. 23 1. 0960 
| Wbeee ssc5ece 1. 025" 0. 550 53. 64 23. 56 15. 06 8. 50 1. 1080 
reLEXCLO £0 eae Ie Ds Sie caries 1.725;4 1. 025 59. 41 18. 48 16. 04 2. 44 1. 0840 
: jE Syrke oe eee 1. 620 |." 0. 970 59. 50 20. 43 14. 59 5. 84 1, 0930 
HBO eae 1, 250 yD Oe0) 58. 40 19. 10 12. 40 6. 70 1.1100 
EDhind'..2 = 4) hss onea eta 1.260 |. (0. 810 64. 28 | 17. 74 14, 58 3. 16 1. 0820 
DG Geese tae il 1. 540 | 0. 980 63. 63 | 19. 52 13. 34 6.18" » 1. 0895 
STA Sires See 1. 150 0. 600 52.17 | 21. 65 16. 12 5. 53 151015 
Mourth) | plesreeeaeene 1. 560 0. 960 61. 53 19. 04 16, 64 2. 40 1. 0870 
i (a Se ae 1. 325 0. 825 62. 26 | 19. 91 14. 95 4, 96 1 0980 
EE ce eee 1-225 0. 675 55. 10 22. 66 15. 96 6. 70 1.1050 - 
} 
TABLE VII. 
Third harvest. 
| 
| Juice obtained. * | Quantity per 100 of juice in— 
| 
Plat of | Estimate of Quantity of Density 
ground. sugar. stalks. | Saccha- of juice. 
Absolute. | Per 100. | rine mat-| Sucrose. | Glucose. 
. ter. 
| | Kilograms. | Kilograms. | Kilograms. ; 
First Fe pees eee ac! | 1. 425 0. 900 63.1F | 17.59 15. 04 2. 55 1. 0800 
1 age 1. 230 0. 840 68. 29 | 18, 45 13. 09 1-5: 36) | 1. 0900 
: Oe eee 1,915 0. 505 | 55, 19 | 24. 06 14.14 9. 92 1. 1160 
ahd, Te I Gea na 1.475 0. 865 58. 64 17. 92 16. 20 aye 1. 0850 
Te ee ee 1. 260 0. 780 61. 90 21. 25 16. 83 4. 42 1. 0970 
ted tO Be ee ae 1. 100 0. 540 48.18 | 25. 91 ' 13.45 12. 46 1. 1325 
ee eae 1. 550 1. 035 66. 77 17. 69 15. 63 2.06 | ' 1.0820 
Ue Sheet) 9 1. 430 |+ 0. 750 52. 44 | 20. 16 | 14. 80 5. 26 1. 0995 
18 eee 1. 000 0. 575 | 57. 50 | 24. 76 14. 26 10. 50 1.1175 
Vier ei toe ee 1. 450 | 0. 953 65.51 | 17.95 15. 76 2.19 1. 0840 
fs Le bie 1. 210 0.710 | 58. 67 | 20. 62 15. 52 5, 10 1. 0995 
IAQ E 1. 050 0. 640 60. 95 24. 65 16. 53 8. 12 me 
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TABLE VIUI. 


Fourth harvest. 


Juice obtained. Quantity per 100 of juice in—| 
Plat of | Estimate of |\Quantity of | | | _ Density 
ground. sugar. stalks. | | | Saccha- | | | of juice. 
| Absolute. Per100. | rinemat- Sucrose. | Glucose. 
lt ber: 
Kilograms.| Kilograms.| Kilograms. | | | | 
lDiagih 4 ali eee ee 1. 225 | 0. 725 59. 18 19. 38 | 17. 48 1. 90 1. 0890 
1) (ae aa 1.000 0. 540 54. 00 | 20. 70 | 16. 38 | 4. 32 | 1.1015 
SS yee 0. 915 0. 585 58. 46 24, 56 18. 03 6.53 | 1.1150 
Second 22) Lb sreosdoease 1. 400 0. 840 | 60. 00 19. 62 | 18. 38 1. 24 | 1. 0910 
10 eee ae 1. 220 0. 740 60. 65 20. 81 | 17. 12 3. 69 | 1. 0980 
48) (CS pean aes 0. 875 0. 405 46. 26 26. 89 19. 24 | Talos) | 1. 1400 
CDT EyING Wesel Ne) Ee need 1. 475 0. 905 61. 35 18. 81 | 16. 90 1.91 1. 0865 
es tee: 1.150 0. 700 60. 86 22. 53 | 18. 25 4, 28 | 1. 1045 
1) 0 ape See 1. 000 0. 460 46. 00 26. 34 18. 93 | 7.41 | 1.1138 
LOTSTa Des a) Se eae 1. 275 0. 785 61. 57 19. 35 17. 89 | 1. 46 | 1. 0905 
OE ee Rees ae aS 0. 690 58. 72 21. 36 18. 40 2.96 | 1.1005 
1D 0 Dee egal eee 1. 150 0. 620 53. 90 25. 79 19. 09 6. 70 | 1. 1160 
CONCLUSIONS. 


1. The ‘percentage of the juice remains almost equal in the first two 
experiments of each gathering (the difference being due to the difficulty 
of having in each gathering canes of exactly the same size). It dimin- 


_ishes considerably in the third experiment, doubtless because the canes 


remain for some time detached from their roots, copnived of their leaves 
and exposed to the air. 

2. The quantity of juice, of sucrose, and glucose is not sensibly dif- 
ferent in canes grown from the original seed and from the reproduced 
seed. 

3. The quantity of sucrose always increases in the experiments of the 
first and the last gathering all of the divisions; in those of the second 
and the third the quantity varies withous rule according to the various 
experiments. . 

4. The quantity of glucose diminishes in all the experiments from the 
first to the last gathering, with the exception of the third. 

5. The quantity of sucrose is always the most abundant in the last 
experiment of the last gathering. 

6. The quantity of glucose is the most abundant in the third experl- 
ment of the third gathering of each division. 

7. Both the sucrose and the glucose increase in quantity from the 
first to the third experiment in each gathering and in each division. 

8. The smallest quantity of sucrose is found in the experiments of 
the first gathering, but it always increases in the third experiment of 
the first gathering. 

9. The difference in the sucrose is largest between the experiments 
of the third and the fourth, and smallest between those of the second 
and the third gathering. 

As to the ratio between the quantity of sucrose and of glucose con- 
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tained in the juice and the time of vegetation of the sorghum, the 
experience of this year permits us to state that: 

1st. The quantity of sucrose is smallest immediately after the wioee 
soming, while relatively that of the glucose is largest. 

2d. The quantity of sucrose is largest ten days after the maturation 
of the seed, while at the same time the quantity of glucose is smallest, 
decreasing nearly in proportion to the increase of the sucrose. 

3d. The quantity of sucrose in the gatherings made one month after 
the blossoming, and as soon as the maturation of seeds is completed, 
is almost equal in the two gatherings, and much greater than that of 
the gathering made immediately after the blossoming. | 

The quantity of glucose, which in the first two gatherings above re- 
ferred to remain almost equal, diminishes considerably in that made one 
month after the blossoming. These results agree with those obtained 
in the United States. Only the quantity of sucrose and the density 
of the juice were always somewhat greater in this experiment than those 
found in America.” ei 

The results of the experiments at the other stations in Italy are equally | 
as interesting. The sorghum plant appears to thrive much better in 
Italy than in this country, and the percentage of both sugars in the 
juice reached in some of the experiments 26. These cases were in canes 
which were not analyzed until a month after cutting, and it is but fair 
to suppose that the juice had become somewhat concentrated by evap- . 
oration. It is also noticed that sorghum canes retain their sucrose for 
a longer time than with us, in at least two cases the percentage of this 
sugar being 19 one mouth after the canes were cut. It would have been 
of interest had the Italian Minister of Agriculture told us how the canes 
were preserved for solong atime. In absence of any definite statemeut, 
- itis probably safe to say that these canes were kept under ground. 

The remarkable results of the Italian experiments indicate that in 
this country our experiments have not extended far enough south to 
secure the best conditions of growth. In the great majority of cases | 
the Italian canes that were cut after the seed were ripe, and analyzed 
on the following day, showed a richness in available sugars which is fully 
equal to the best tropical canes. 


METHODS OF ANALYSES PRACTICED IN THIS DIVISION WITH JUICES 
(RAW AND DEFECATED), SEMI-SIRUP, SIRUP, AND MELADA. 
SUCROSE. | 
Sucrose was determined by double polarization in a large Laurent 
shadow saccharimeter. The mean percentage of sucrose in all the raw | 
juices examined was— 


Per cent. 
Bydirect: polarization. 22.0036. 32 Sheer eels oe oe ee te ee eee 8.72 
AAGOr INVETSION 2. 22. 2 oo nai on edn aides whe pee bee Se tion are ee, See 8, 38 
In the defecated juice: 
By direct ‘polarization. ~~ 2. -- - 2 sien ce aicols sete, oeimoe aense eee ee eee 8.91 


After JOVeVSION. .. 66 22 ose sae tces een ceeds teva t one Lee eee tee eee 8. 62 
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Per cent. 
In semi-sirup: 
Pee byedimect polarization :- << -- 22-2 22 ~~ ee een ot we nn ne eee te eee 29. 83 
Pw BlE TUDES IO ey Ss Se a a re ee eS ol bales bak 30. 08 
eal In sirup and molasses: 
PRM CUM ORME ZUUNOM yo) siesta ls occ 2 ciaice ic aa swe leecisimale wieies pamela eos eek Oe tell 
EEE amnaEN (CRS OM eet Heh age SA sealant tne sala oe ial to Wicla ee eliesiaw, ajsive alecimeg) weceserecce 38. 96 
In meladas: 
: By direct polarization ...--..---....---.------+---++ +2222 22-222 eee eee eee 51. 25 
After inversion ......-.-- HAWS Le Se Se AeA AD eek 2 or eo 48. 39 
In sugars: 
Lec® GUTSGE [DOLE TONES Se ARee ee oe eee ei Sie een ein ear ron eee eee 90. 60 
HON ex TURP OLE) ay SS BN oe ey ee aS el pee 88. 59 


REDUCING SUGARS. 


These determinations were also made in duplicate, viz: 

(1.) By titration with Fehling’s solution, using potassium ferro-cya- 
nide to determine the end of the reaction. 

(2.) By the permanganate method described in Annual Report of De- 


- partment of Agriculture for 1880, pp. 42, 43. 


For raw juices the mean of all the determinations was— 


: Per cent. 
Peraiincinom wih mehline’s solution 22.52: (222. 0225. - bl eee eee ees eee 4.31 
ON UIMLD TV SERIMPWIVOR WIE WES Bk oC Se eee eee ene ee ne er enn 4. 26 
For defecated juice: 
Nveheiehline’s solution 2-02. 6-222! J2.-2. eee ee ees See eee SUM NRE ERO nar 4. 26 
Py einbiepemmeancanatOs 00) 05 os... cites. oe eee see et wees SP Sa pa 5 4, 28 
For semi-sirup: 
SrmibipenlinesisoluiiOn soy. Geek. -ee'scee sem et tL Dele. ee eek cen 16. 20 
PiMUEPeMiMAMNCANALe Ramee ce aise se Secs wo See eho os ae ee ee eee 16. 48 
For molasses and sirups: . 
SVM MMe MiMeysySODUGIOMG osteo hao ss tue lace clang ae nly he ces tes eee 25. 69 
PS VaamMeTUNA MOANA Le Mee aa see ee ec soos c4 2 eee tebe we cee tet e eee bees 28. 11 
For sugars: 
SNARE MimMoys SOlUbTOM se eres se eee CoC See eee bes oe mein ce 3. 68 


WT GID, [OGIDTTAN MCE NMEN KS) Sark? atiae Sa en a een ae se eken se Pe bee et e eRenL CS Ao 
SUCROSE IN DIFFUSION WASTE WATERS AND PULPS. 


In these substances, when the percentage of sucrose was often less 
than 1 per cent., only direct polarizations were made. 

From 50 to 100 grams of the material were used (in 100°™ volume), 
and the polariscopic readings made in tubes 500™™ in length. 


OTHER SUGARS IN DITTO. 


The waste water was titrated without dilution with Fehling’s solution 
of one-tenth strength. For pulps 150 grams were weighed into a tared 
dish, the weight made up with water to 750 grams. The mixture was 
then boiled for an hour, water being added from time to time to make 
up for loss of evaporation. After cooling, the original weight was re- 


stored by adding the small quantity of water necessary. After filter- 
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ing, a measured portion of: the filtrate was titrated with one-tenth 
Fehling’s solution. iy 3 

In all titrations with copper solutions I determine the end of the 
process by filtering 2 few drops of the liquid into a white dish (porce- 
lain crucible, or lid) in which is previously placed a drop of potassium 
ferro-cyanide acidified with acetic acid. In order to be exact, the filtra- 
tion should be as rapid as possible and at a high temperature. 

The only way in which I have been able to secure these two conditions 
is as follows: A glass tube 10° 1o 20° in length and 20™™ to 30™™ in 
diameter is softened at one end and pressed on a block of wood. This 
produces a rim around the end, over which a piece of fine linen can be 
tied with linen thread. This having been done, the covered end of the 
tube is placed in a beaker containing asbestos pulp suspended in waters 
About one-half cubic centimeter of water is sucked into the tube. This 
leaves the linen diaphragm covered with a film of asbestos. The water 
is now poured out and the tube is ready for use. When the copper ap- 
pears reduced, the end of the tube is placed in the dish and a few drops 
of the liquid sucked into it. This liquid is turned at once into the por- 
celain dish containing the ferro-cyanide. ,.The end of the reaction can _ 
be determined in this way speedily and with the greatest accuracy. The | 
tubes after use are dipped into very dilute nitric acid, and after wash- 
ing with pure water are again ready tor use. Ten or twenty of them 
should be kept in working order. : 

After having used this method (first more than three years ago) in 
many thousand determinations, I consider it one of the best means yet 
devised for indicating the point of exact saturation.* 


ANALYSES OF CANES AND BAGASSES. 


The direct determination of sugars in the canes is attended with many 
difficulties. The fibrous structure of the canes and their hard points 
render their reduction to a fine pulp almost impossible. In the follow- 
ing analyses from 25 to 50 kilograms of the canes and 10 to 20 kilo- 
grams of the bagasse were passed through the cane-cutter preparatory 
to sampling. An equal quantity of the canes, as much like the preced- 
ing as possible, was passed through the experimental mill and the juice 
subjected to analysis. The details of the operations will be found in 
the following tables: 

In Table No. 1 will be found analyses of cane chips sampled by the 
method just described, made as follows: The chips were boiled with about 
five times their weight of water for a time averaging one hour and a 
half. Fresh portions of water were added from time to time te keep 
the volume nearly constant. After cooling, the contents of the flask or 


* [first used tubes constructed as above in 1881, but tried then paper pulp and films 
of filter-paper on the linen. I first used asbestos in the summer of 1883, and found 
it far superior to anything else. 
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dish were made up to a given volume or weight and subjected to-exam- 
ination. \ 

The optical analyses were made by double polarization. The chemi- 
cal analyses were made either by direct titration with Fehling’s solu- 
tion, or by the permanganate method already described. These several 
- methods are designated in-the tables by ‘‘optical,” ‘‘copper,” or ‘ per- 

manganate.” Where the first has been used with either of the others, it 
is designated by “optical and reducing.” | 

In each table the results of the analyses of the chips (or bagasses) are 

- compared with the theoretical composition indicated by the analyses of 
the juices. In this calculation the sorghum-cane is taken at 89 per cent. 
juice, and 11 per cent. cellulose, &c.; the Louisiana cane at 92 per cent. 
juice, and 8 per cent. cellulose, &c. The percentage of juice to weight 
of cane expressed from the sorghum canes was nearly 65, and from the 
Louisiana cane nearly 67. 

The theoretical composition of the bagasse was computed on the basis 

of these figures. In these compositions it is assumed that the compo- 
sition of the juice expressed is similar to that remaining in the bagasse, 
a view which is not opposed by any well. verified facts. 

The table No. 2 contains the results of the analyses made as in the 
first, with the exception that the boiling was continued twice as long. 

In Table No. 3 are found the data given by treating the chips with 
five successive portions of water (each portion somewhat greater than 
the volume of the chips). After each boiling the water was poured off 
and fresh portions added. 

Table No. 4 differs from the preceding only in having the chips treated 
with ten portions of water instead of five. In some cases the chips were 
mashed in a mortar, but this process did not seem to increase the per 
cent. of sugar extracted. 

Table No. 5 contains the results of treating the chips with alcohol 
instead of water. Both processes were employed with alcohol, 2. ¢., boil- 
ing with a given volume or with successive portions. The determina- 
tions with alcohol were made by single polarization—alcoholic solutions 
not lending themselves easily to inversion. The green coloring matter 
extracted by the alcohol is a serious objection' to its use in extracting 
Sugar from the chips. 

Several experiments were also made to determine the sugar by exhaust- 
ing the chips with alcohol in an extractor. Both fresh and dried chips 
were used. -With dried chips the process is much more successful than 
with the fresh. The time employed in extraction varied from one hour 
to four days. The result of these experiments in varying the time is to 
show that little advantage accrues from extending the time of extrac- 
tion beyond two hours. In nearly all cases the fresh chips were 
thoroughly bruised in a mortar with pure sand before being placed in 

f the extraction tube. The mean percentage of sugar as determined by 

_ the extraction of the chips with alcohol was nearly 2 per cent. less 
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than calculation from the composition of the juice indicated. The fur- 
ther prosecution of this method was therefore abandoned. 

Table No. 6 contains results of analyses of chips heated for one hour —~ 
at 100° C. in a closed bottle, with five times their weight of water. 

In Table No. 7 the same as above, except that the heating was con- 
tinued for two hours. 


BAGASSES. y 


Table No. 8 contains analyses of bagasses from canes from which the 
mill juice given in the table was expressed. The theoretical compete 
of the bagasse was calculated as follows: 

(1.) The total juice in the canes is taken at 89 per cent. of their cele 
for sorghum and 92 per cent. for sugar-cane. 

(2.) The weight of the bagasses, except in the case of the Louisiana 
canes, was 36 per cent. that of the canes. 

- (3.) The total weight of juice remaining in the bagasse was therefore 
36—11=25 per cent. of total weight of cane, i. ¢., 100 kilograms cane 
contain 89 kilograms juice and 11 kilograms cellulose, &e., and 36 kilo- 
grams bagasse contain 25 kilograms juice and 11 kilograms cellulose, &c. 

The juice marked No. 1 in table gave an analysis 10.38 per cent. su- 
crose and 2.41 per cent. of other sugars. In 25 kilograms juice, therefore, 
there will be .1038 x 25=2.595 kilograms of sucrose and .0241 x 25=.602 
kilograms of other sugars. Then 2.595~36= percentage sucrose in the — 
bagasse = 7.21, and .602—36= percentage other sugars in bagasse = 1.67. 

In Table No. 9 the same conditions obtain as in No. 8, except that the 
boiling was continued twice as long. 

Table No. 10 contains analyses of bagasses boiled with five successive 
portions of water. Each portion was somewhat larger in weight than 
the bagasse, and the boiling each time was prolonged ten to fifteen min- 
utes. 

Table No. 11, same as above, only ten extractions were made instead 
of five. 

Table No. 12, bagasses heated in closed bottle one hour, with five times 
weight of water. 

Table No. 13, same as above, heated for two hours. 
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TABLE No. I.—Cane chips boiled with five times weight of water. 


Time, average, one hour and thirty minutes. 


ieee heer is | Blam ee 
ara ae ees Bis as 3 Bie aes 
aie PACS aa aS) = oS. pli peat BE 
4 \ 5 | & es | Sao | 8 tee Omi ae 
| = qa og qos ns Be eg RNS ea ces 
FAG Character of dof Pane Ne °F as perms SE) S58) °S | 25 
Pe arnple | Method of analysis. 5 o= H SE les P me 2 g | p= | 2 2 
i ieee See [86,9)/e2).9° | sa |He 
a) q ao; | €@8@s | os! » log a 
4 S| 3) See |\sanls | 3 |e \ 2 
3 | | Deis ees eules a es|so rol goo 2 1.8 
A | oO | Ay Ay Ay A | A A Si 
I ROMIGR\. 5-2. | Optical and reducing. .--. HOE 387022405 ene ee 1 cS oP el Che eR eet ae Pee) | 
FARO HIDS 22.6. - + | Copper ts-225, 00 Lue seca 8.66 | 2.09 ON 2a emes AON 8) |<< <lels OF 0S mS see 
Eafe CLO) y/o. 0/a 'eant iO piicalt sae wort recess ie Bb SB) ieosabe 0 a ees OL COU esata is Seu ope Dp 
| hoch ae fees a Ou Mean Ess Baa3. eeeas ORO UIE ier RET ee a SAIN SE I 
Eo) so CON eee eee Coat ee OE TMs eee OR OAS i cae TEACH eee Lace tee ans 
fig ere ON a Coppel esse moe Se aa 7.35 | 1.98 OE 24 2d Se eso. oe see O55 esosse 
7 UeSe Sere lssoose C10 Gat noe aaa mens 7.29 | 2.14 9, 24 Poa ard si Joye tees eit OR008 Seaee 
SEPOICe = 15)... | Opticaland reducing..... Wie ted Metal fi ie SR hese Fe male | 3 
Sna@ hips) -..-... - Gopnenters Oe ee. TE OMNES ell eps) IS ene OE eee Qrisma sae 
MO e OWS... = a < Permanganate .......---- 7.46 | 2. 69 8. 35 PRA AR OBO) sei talline 0. 27 
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TABLE No. II.—Cane chips boiled with five times weight of water. 
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Doubling the time of boiling appears to have no good effect on the 
results. The mean deficiency of sucrose is increased from 1.22 to 1.92 
per cent. ; 


90 


TABLE No. III.—Cane chips boiled with five successive portions of water, each portion a 
little greater than the volume of chips. 
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Boiled twenty minutes each time. 
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This method does not secure better results than the preceding ones. 


TABLE No. IV.—Cane chips boiled with ten successive portions of water, ea h portion a little 
greater than the volume of chips. 


Boiled ten minutes each time. 
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In this series of analyses no determinations were made of reducing 


preceding methods. 


The mean deficiency of sucrose is vonsiderably less than by the 
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TABLE No. V.—Cane chips exhausted with alcohol. 
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The results given by treatment with alcohol are not encouraging. 
_ The green color of the extract makes accurate polarizations difficult. 
Animal char does not readily discharge the green color. 


TABLE No. VI.— Heated in closed bottle for one hour at 100°C with five times weight of water 
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The results of this method are extremely satisfactory for both sucrose 
and reducing sugar. In five cases the mean deficiency of sucrose was 
0.30 per cent. In eight cases the mean excess of sucrose was 0.52 per 
cent. The results with the reducing sugars, as the table shows, are 
even better. 
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TABLE No. VII.—Cane chips heated in closed bottle for two hours with five times weight 
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While the results in this table are satisfactory, it does not appear that 
heating the sample for more than an hour is of any use. 


TABLE No. VIII.—Bagasse boiled with five times weight of water. 


Average time, one hour and thirty minutes. 
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The method is unsatisfactory. The results show either inversion of 
cane sugar in boiling the bagasse with water, or that in crushing a 
‘larger percentage of sucrose than of other sugars is expressed. 
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TABLE No. IX.—Bagasse boiled with fiwe times weight of water. 


Average time, three hours. 
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qi This table is additional evidence of the truth of the statement made at 
the end of the preceding one. 


TABLE No. X —Bagasse boiled with five successive portions of water. 
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TABLE No. XI.—Bagasse boiled with ten successive portions of water. 
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No marked advantage seems to accrue from increasing the number of 
extractions above five. 


TABLE No. SIE Bayatne heated in closed bottle at 1°0° C. for one hour with five times its 
weight of water. 
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* Louisiana cane. 


This method, as with the cane chips, gives results which are entirely 
satisfactory. 
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TABLE No. XIII .— Bagasse heated in closed bottle for two hours with five times its weight 
of water. 
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Nt advantage is obtained by prolonging the boiling to two hours. 
ANALYSIS OF CANES AND BAGASSES IN CLOSED BOTTLES. 


This method of analysis is the only one of the various procedures tried 
that gives results as near theory as the difficulty of sampling will allow. 
It is, therefore, worthy of a detailed description. 


THE APPARATUS. 


For polariscopes like the Laurent shadow instrument, taking 16.19 
gms. sucrose, volume 100 ¢. c., for a normal charge, the bottle should hold 
about 300c.c. Itshould be strong, of well-annealed glass, and furnished 
with a patent rubber stopper, such as is commonly used on beer bottles. 

The bottle should have a long neck, plainly marked at 305.4 ¢.c. This 


bottle should be of such a size that this mark will fall at the junction 
_of the lower third of the neck with the upper two-thirds. Itis perfectly 


safe to assume that the volume occupied by the cellulose and insoluble 
parts of the chips is equal to a volume of water of the same weight. It 


a is also safe to assume, for sorghum canes in general, that the cellulose 


amounts to 11 per cent. of the total weight of the cane, and, in tropical 


cane, to 8 or 9 per cent. 


For sorghum canes, therefore, the volume occupied by the cellulose of 
16.19 x 3 grams of cane chips would be 5.4¢. ¢. (16.19 x 3 x 11=5.4 nearly). 
The total volume, therefore, should be 305.4 in order to make the mix- — 


4 ture normal for the polariscope. It is best, however, to have the neck 
_ of the extraction bottle marked with other volumes, e. g., at 304.4 ¢. c. for 


Southern sugar cane. 
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The weight of cellulose in 16.1 gms., fresh sorghum-eane chips, is — 
1.772 gms. This weight of perfectly exhausted cane pulp was put into 
each of five flasks with the normal weight of sugar (16.19 gms.), and the 
volume made up to 100 ¢. ¢. 

The sugar solution was then filtered and polarized, and compared 
with a solution of sugar of the same volume to which no pulp had been. 
added. The foliowing are the results of the experiments: 


2a. Polariza- Theory | ae! 
No. Description. ey with pulp. | Variation. 
Per cent. Per cent. | Per cent. 
1 | Sugar without pulp.. BON isaciece 
2 | With pulp -..--- mae 101.0 100. 25 +. 75 oer / 
Soke AtlO| 2 5 tk Ree 101. 0 100. 25 +. 75 
ADS = S40 O) 5c hse ee 100.0 | 100. 25 —. 25 
bid | eaeeee LU areas Diseh es 101.0 | 100. 25 +.75 
| Gili do. = SeMe 100.0 100. 25 | —.25 | 
{ ; ! | | 


Perhaps a greater number of determinations should be made before 
assigning a definite number to the influence of the cellulose. The re- 
sults of the table, however, show that practically the correction assumed 
is of the proper magnitude. e 


THE MANIPULATION. 


The chief care should be given to taking the sample. As large a 
quantity as is convenient of the canes (or bagasses) should be passed 
through the cutter and chopped as fine as possible. The chopped mass 
is then thoroughly mixed and the sample taken. After weighing the 
chips are transferred to the bottle, the vessel in which they were weighed 
rinsed with water, and the washings poured into the bottle. This is 
then filled to the mark, closed, and placed in cold water, which is rap- 
idly heated to ebullition. After an hour the bottle is removed, cooled 
slowly (do not put at once into cold water), and the solution filtered for 
polarization or reduction. (Before filling with water a few ce. ¢. of 
basic acetate of lead should be added; or the bottle may not be filled 
quite to the mark, and after cooling lead acetate is added and the vol-— 
ume made up to the standard.) 

By having a large number of bottles many analyses can be carried on 
at once. Since an even sample is so hard to get it is always advisable 
to make the analyses in duplicate or triplicate and take the mean of the 


results. 
USE OF SULPHUR. 


The use of sulphurous dioxide (sulphur fumes) in sugar work has a 
threefold purpose. (1.) It assists in defecation. (2.) It bleaches the 
coloring matters of the juice. (3.) It prevents fermentation. 
I have already alluded to the use of sulphur as lime bisulphite, and 
will confine this section to a discussion of the application of sulphurous 
dioxide directly to the juice. 
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MANUFACTURE OF SULPHUROUS DIOXIDE (S0,). 


(1.) The simplest method of manufacturing this article is by burning 
sulphur. This should be done in furnaces made of fire-brick, since hot 
iron is readily attacked by sulphur. 


_.(2.) Sulphurous dioxide is also readily formed by heating charcoal 


with strong sulphurous acid (oil of vitriol). | 
(3.) It may also be made by treating some sulphite or bisulphite (as 


lime, &c.) with a stronger acid, e. g., oil of vitriol. 


The sulphurous acid used in sugar or sirup making is manufactured 
in one of the three ways mentioned. 


PROPERTIES. 


Sulphurous dioxide (or acid) is acolorless gas, more than twice as heavy 
asair. Its odor is familiar in the fumes of a burning sulphur match. The 
gas is very soluble in water, 1 volume of the latter absorbing about 
40 volumes of the gas at ordinary temperature. One litre of water, 


_. therefore, will absorb nearly 115 gramsof the gas, or one gallon of water 


at 60° F. saturated with the gas will contain of it a little more than 10 
ounces. | 

In aqueous solution sulphurous acid (it becomes an acid by solution 
in water) easily undergves oxidation, and its bleaching power is due to 
this process, by which nascent hydrogen is set free, which attacks the 
coloring matter. An equivalent amount of sulphuric acid is always 
formed. It is therefore advisable to. use lime (or some base which will 
form an insoluble compound) with sulphurous acid in order to form a 
precipitate with the sulphuric acid which is produced. 

Sulphurous dioxide, by a freezing mixture (as ice and salt), or by 
pressure, is easily condensed to a colorless liquid which is about one- 


half heavier than water. This liquid boils at a temperature of 8° C. 


below zero. I would suggest that it might prove profitable both to sugar 
manufacturer and chemist to prepare this liquid oxide at a central fac- 
tory and ship it in suitable iron vessels to the sugar works. In this 
way the sugar-maker could always have at hand and under complete 
control a pure article of sulphurous dioxide. . 

The antiseptic properties of this body are even more marked than its 
bleaching powers. Ina substance so prone to fermentation as cane 
and beet juice such a preserving agent is of the utmost importance. 
Dilute cane juices saturated with the gas or a bisulphite may be kept. 
for days and even years unfermented. 


APPLICATION: 


_ The gas may be applied directly to the juice— 
(1.) By conducting it into the vessel containing the juice and allow- 
ing it to be absorbed. 
16435 N S——6 
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The juice should be cold, and the tube delivering the gas (lead or 
copper) end in an expanded nozzle covered with a plate of fine holes. | 

In some cases the tank is furnished with a copper coil perforated with 
small holes. A more even distribution of the gas a the 
liquid is thus obtained. 

If the gas is formed by burning sulphur it is pumped first i PN 
wash-bottle and then into the tank. 

(2.) The juice may be mixed with the gas in a sulphur box. 

The sulphur box may be used in two ways. 

(a) A tight box (Fig. 9) is constructed of a size proportionate to 
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Fia. 9. 
the quantity of juices to be sulphurized. For a mill grinding 25 tons 
of cane per day the box should be 8 feet high and 3 feet square. — 
Shelves with fine perforations are attached alternately to opposite 
sides of the box. They are set so as to facilitate the flow of the liquid | 
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towards their free edges. The perforations should besufficiently numerous 
to allow nearly the whole volume of juice to pass through each shelf 
in drops or spray. The sulphur is burned in the furnace (B), passes 
through a horizontal flue (C) in the bottom of which is water for 
the purpose of absorbing any sulphuric acid that may be formed 
during the combustion.* The sulphur fumes enter the box and pass 
back and forth upward through the box. At(C),a steam pipe is inserted 
in the flue so that additional draft may be secured. If the flue, how- 


ever, be made high, little use for the steam jet will be found. The juice 


comes from the mill through the pipe (A.) If the mill be on the same 
line with the sulphur box a pump should be attached to it to elevate 
the juice to the proper altitude. This method of sulphurizing is sim- 
ple and economical, and, if care be given to the furnace to secure a reg. 
ular combustion of the sulphur, reasonably satisfactory. 

(b) A better method of mixing the gas with the juice is found in the 
mechanism represented in Fig. 10. The. figure represents a section 


through the center of the sulphur box. 
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Fia. 10. : 

The sulphur fumes enter through the opening (X) in the side of the 
box. A flue from the furnace where the sulphur is burned fits into the 
opening. The paddle-wheels turn in the direction of the arrows and 
with a velocity sufficient to throw into spray the juice entering the in- 
let and project it on to the shelf, whence it passes through the outlet 


to a juice tank. The paddle-wheel is so adjusted that there is always 


enough juice in the box to seal the inlet and thus prevent the air from 
entering. The box should be as nearly as possible air-tight. The suc- 
tion produced by the paddles makes a sufficient draft for the furnace. 


~The proper speed of revolution of the wheel is one hundred and fifty 
_to three hundred per minute. The box is used by Mr. E. W. Deming, 


*For sirup making this is not necessary. 
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of Lafayette Sugar Works. I am indebted to him for many courtesies 
received during the preparation of this report. ) 


APPARATUS FOR MAKING SULPHUROUS ACID OR LIME BISULPHITE — 
FOR SMALL PLANTS. aa 


In working sorghum for sirup the use of sulphurous acid or lime bi- 
sulphite produces an article of superior merchantable properties. I- 
will therefore give an account of an apparatus for the home manufac- 
ture of these articles. I append a description and cut of the apparatus. 


| | pe l . 


A 


\ 
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Fig. 11. 
I am indebted to Mr. W. L. Anderson for the following account of 


the apparatus and its history: 

(A) (Fig. 11).—Tank holding double the quantity of barrel (B). In this is placed 
a bushel of unslaked lime. The tank is then filled with water and the lime well stirred 
up and allowed to settle, when clear the water is ready to be drawn off. Fresh lime 
should occasionally be added to that in the tank so that the hydrate may be of a uni- 
form strength. It is best to add a little each time the tank is filled with water. cs) 

(B).—Barrel for forming the bisulphite. This is filled from the tank by opening 
the globe-valve on pipe (C), which enters the tank above the settled lime. After the 
barrel is almost filled add about 2 gallonsof weak milk of lime. This barrel, as well : 
as all others used for bisulphite, should be of hard wood. 

(D).—Furnace so made as to fit snugly around kettle (E.) It has a sheet-iron 1 door, 
and achimney. The kettle is hung by rods run through the ears ae laid obi a 


across the corners of the furnace. i i 
i 
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(F).—A jug so shaped as to fit the kettle, holding about 5 gallons. Under and 
around the jug is sand to prevent it from heating or cooling too suddenly. The jug 
should be heavily glazed inside. It is charged with about 2 gallons of charcoal and 
the same guantity of strong sulphuric acid. This will make 2 barrels of bisulphite, 
and start another, perhaps finish it. Before charging the jug again ascertain if the 


- coal in the jug is dry; if so, putin more sulphuric acid and less coal than you did 


before. When the residue gets too great take out the jug and clean it. 
(G).—Copper pipe, three-quarter inch in diameter, used to convey the gas from the 
jug to the barrel. A rubber stopper, fitting the mouth of the jug is screwed on the end 
of the pipe entering the jug. The other end reaches almost to the bottom of the bar- 
tel. If gas leaks about the rubber stopper keep it down with weights, and put dough 
around the leak. It will take from six to eight hours to finish a barrel. As soon as 
you perceive a pungent odor escaping from the barrel cover the openings. You should 
have an opening through which you can stir the liquid occasionally. 
(H).—Outlet made of two pieces of pipe and a globe-valve. 
’ This apparatus cost us $10.75. The sulphuric acid, coal, lime, and wood cost about 
50 cents per barrel of bisulphite. The labor required in manufacturing is but trifling. 
If you wish to make sulphurous acid, charge the barrel with pure water and pro- 
ceed as in making bisulphite. A ‘wash bottle” (G) can be used between the jug and 


barrel (B). This will improve the product. 


In the year 1860 we bought 6 gallons of bisulphite of lime, as an experiment, pay- 


_ ing 50 cents per gallon. From that time to the present we have made no sirup with- 
out it. We paid $11 per barrel and freight, which made it almost $13, for all we used 


' from 1861 to 1873. 


In using our bisulphite we put it into the cold juice just before the tank is full 
The old rule was, ‘‘a quart to 50 gallons of juice.” But there is no invariable rule. 
The quality of the bisulphite, the quality of the juice, and the amount of lime used, 
will vary the amount. . 

-Thave made a few changes in the sketch of the apparatus as furnished 
by Mr. Anderson. 

Instead of using a stone jug as a generator, it would be better to 
employ one made of cast iron. Strong sulphuric acid, even when hot, 
acts very slowly on iron. Care must be exercised, however, to avoid 
using the dilute acid, which would rapidly dissolve the iron. 

Instead cf copper pipes lead or glass may be used. The wash-bottle 
should be of strong glass, and of at least 2 gallons capacity. It should be 


filled with water to the mark indicated in the drawing. The stopper 


Should have three perforations, one to carry the tube (G). This tube 
should extend to near the bottom of the bottle. : 

The second hole is for the tube (b), which should begin about 2 inches 
below the stopper and extend nearly to the bottom of the barrel(B.) The 
third aperture carries the safety tube(a), which ends about ar inch below 
the liquid in the wash-bottle. This tube prevents any regurgitations 
from the barrel into the generator. The heat should be applied slowly, 
and regulated by watching the flow of gas through the wash-bottle.* 


HARVESTING CANE. | 


In the sugar industry every device that promises to serve true econ- 


| omy is worthy of close attention. One of the best methods of harvest 


*A gasoline stove would be better than a furnace for heating the generator. Care 
should be taken not to raise the temperature above the point necessary for gradual 


evolution of the gas. 


Pipe <. 
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ing cane, in my opinion, aside from the use of the tramway, is that 
practised by Mr. KE. W. Deming, SHpenupen dent of the sirup works at 
West Point, Ind. 

; lth io: is his description of the method of harvasune taken from 
the Rural World, of Saint Louis : 

‘‘ Stripping costs from one and one-half to three dollars per acre. 
Cane with leaves on loads easier, rides without slipping, dumps bet-— 
ter, men at the mill prefer to baile it, and it feeds better at the mill. 
Some claim the leaves fill in between the stalks as it passes through the 
mill, giving a higher per cent. of juice. Some claim cannot pass aS many 
stalks through the mill in a given time as with stripped cane, but this 
surely will not compensate for the expense of stripping and inconven- 
ience in handling. Cane is handled on platform wagons made expressly 
_ for that purpose. The forward wheels average 34 inches in diameter,3 _ 
inches tire, and 3-foot tread. The rear wheels average 38 inchés in diame- | 
ter, 4-inch tire, and 5-foot tread. Platform d2 feet long, 54 feet wide, 
evenly balanced onrearaxle. The wheels are entirely under the platform. 
A good team with these wagons will haul a ton on soft ground, where a 
lumber wagon would cut down 8 inches. The cutter with his left arm 
bends over a few stalks of the outside row, cutting them so they fall 
directly from the rows; following him is a man who grasps the fallen 
stalks just below the tuft, until he has all he can clasp with one hand 
then, taking one step directly from the cane, he drops the heads in a 
bunch, the buts being spread out fan-shaped. Cane is cutin lands, same 
as plowing. If cane stands up well, one cutter will keep two men picking 
up; if down or tangled, one man will pick it up. As the cane wagon 
follows, the driver grasps with one hand the stalks of cane just below 
the tuft and raises the armful with the other, throwing it on the wagon 
with the heads projecting over as far as vou wish to top them. When 
the wagon is loaded the tops are all on one side and even. The wagon 
‘is then driven to some high, dry place, where you wish to deposit the 
seed, when the driver, with a heavy hay-knife, with a straight handle, 
cuts off the heads with a few blows. The wagon now goes to the foot 
of the carrier, where it is dumped in ten seconds and ready to return to 
the field. The cane is handled with no regard to the evenness of the 
butts, and would be a little inconvenient for hand-fed mills, especially 
if cane was unstripped. By this method the small canes or suckers are 
left on the ground. The seed is left in piles where it can be easily 
loaded on wagons with a fork, leaving no scattered seed for a volun- 
teer crop.” 

THE POLARISCOPE. 

The polariscope, or optical saccharometer, is an instrument designed 
to measure the quantity of sucrose in any sugar solution. It depends 
on the principle that a plane of polarized light passing through a tube 
containing a solution of sucrose is twisted toward the right (like the 
movement of the hands of a clock), and the degree of this rotation is 
proportionate to the amount of sugar in solution. 
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Two kinds of polariscope are in common use: 

(1) Those which use ordinary light, like that of a lamp or the sun. 

(2) Those which use light of one color (monochromatic light). 

The first kind is more expensive and more convenient as regards the 
source of light; the second, cheaper and more accurate. 
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The chief objection to the use of a polariscope in small sugar works 
is (a) the cost and (b) the absence of any one skilled in its use. 
Polariscopes of the finest construction and large size cost several 
hundred dollars, while even those less carefuily constructed and smaller 
in size cannot be had for much less than $100. 
- The figure (12) contains a view of the apparatus necessary for mak- 
ing an‘optical analysis of the juices of the cane. . 
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The polariscope containing the apparatus for converting ordinary into — 
polarized light; device for analyzing the polarized ray and the divided 
circle and vernier for measuring and reading the amount of rotation. 

Lamp for furnishing monochromatic light (a gas lamp furnished with 
spoons of platinum which carry fragmeuts of fused common salt). 

Pipettes for measuring the sugar solution. 

Hydrometer for determining specific gravity. 

The specific gravity having been determined it is easy to calculate. 
the weight of solution taken from the volume measured in the burette. 
Thus if 10 cubic centimeters be measured the specific gravity of which 
is 1.06, the total weight of the juice taken is 1.06x10=10.6 grams. 

The instrument figured in the cut is so adjusted that 16.19 grams 
of pure sugar dissolved and made up to 100 eubic centimeters will read — 
100 on the seale. A fifteen cubic centimeter pipette should be used for 
ordinary cane juices. This volume (15 cubic centimeters) will weigh 
so nearly 16.19 grams that the difference may be neglected. 

By using a pipette in this way or a: burette, no balance is required, 
and thus a very expensive piece of apparatus is dispensed with. 

Burette for the more exact measurement of juice. 

Basic acetate of lead. This chemical is prepared by taking ordinary 
sugar of lead ‘and boiling a strong solution of it for some time with an ~ 
excess of litharge (oxide of lead). The solution is then filtered and 
must be kept in a well-stoppered bottle. 

Funnels, filter-stands, and filter-papers. 

Flasks, graduated for making solutions up to standard volume. 


THE PROCESS. 


Measure out as nearly as possible 16.2 grams (or two or three times 
that amount) into the 100 cubic centimeter flask. 

Add two or three cubic centimeters of the basic acetate of lead solu- 
tion, and then fill up to the mark with pure water. 

Shake the flask wel, holding the ball of the thumb on itsmouth,and _ 
filter into the tube of observation. When the tube is full, put on the — 
cap and place in the polariscope. Having adjusted the light, turn the 
instrument until both halves of the field of vision are of the same tint. 
In the monochromatic instrument, before adjustment one-half of the 
field of vision will appear dark and the other yellow. 

The disk is now turned until both halves are equally illuminated. 
In the other instrument one-half the field of vision will be blue and the 
other rose-red. The adjustment is now made until both halves appear 
alike. 

Through the small microscope which is focused on the vernier is now 
read off the number of divisions through which the analyzer has been 
turned. This number is the percentage of sugar if 16.2 gms. of the orig- 
inal juice have been taken. Otherwise it is to be divided by the num- — 
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ber of times that weight used. (In some instruments other weights are 
normal, e. g., 26.048 gms. With each instrument will be found instruc- 


_ tions giving the weight of sugar to which the scale is graduated.) 


A good deal of practice is necessary to use the polariscope accurately 
and quickly, but I do not see why any person endowed with ordinary 
ingenuity may not determine the percentage of sucrose in cane juices 
with a reasonable degree of accuracy by means of the polariscope. 

More accurate analyses, as well as analyses of sirup and meladas, 
must be left in the hands of the chemist. 

The flasks, burettes, funnels, &c., necessary to the analyses of cane 
juices (excluding the polariscope), ought not to cost more than $10. 

The intending purchaser should get: 3 pipettes 5, 10, and 15 c¢. ¢. 
capacity; 6 sugar flasks, marked on neck at 100, and 110 c¢. ¢.; 2 bu- 
rettes; 6 funnels; 2 quires filter paper; 2 hydrometers. The other 
apparatus he can easily improvise. 

This apparatus can be had of any dealer in chemical supplies. 


TRANNIN’S POLARISCOPE. 


The high price of the ordinary polariscope, the delicacy of its adjust- 
ment, and the skill required in its use, have made it desirable that 


Fig. 13.—Trannin’s polariscope. 
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amore simple and acheaper instrument should be devised for general use. 

Mr. Trannin, a French sugar chemist, has attempted this, and has in- 
vented an apparatus which in simplicity leaves nothing to be desired. 

Fig. 13 shows this instrument. (2) Fig. 13 shows the appearance of 
the field of vision when the tube (¢), which holds the sugar solution, is 
empty or not adjusted. (1) Fig. 13 represents the same when the sugar 
solution is in the tube, and the adjustment made, ready for reading. 
No particular skill is required in the.use of this instrument, and I have 
found that. successive readings do not differ by more _ one-half of 
one per cent. 

It promises therefore to be of great use to manufacturers 

I append Mr. Trannin’s description of his invention. 

SACCHARIMETRE DES RAPERIES.* _ 


Impressed for a long time with the incomple‘e and often deceitful ideas which the 
use of the densimeter alone gives, I have sought whether it might not be possible to 
devise a more rapid method of analysis of the juice (optically) and one more accessible 
to employés little skilled in polarimetry. 

The large saccharimeters aside from their very high price, are really very difficult 
to manipulate. The large number of pieces of which they are composed, their ar- 
rangement, and extreme delicacy of adjustment, create many causes of error. 

. These instruments are touched with a sort of fear, and they are committed only to 
careful and skillful operators. > 

The problem of light for the saccharimeter is often a cause of ennui and difficulty. 
Now it is the monochromatic light which is required by the instrument, and with it, 
- its mode of production so troublesome. Again it is the delicate appreciation of the 
shadows, or the chromatic equalization impossible to be obtained bv eyes affected 
with daltonism. These difficulties are real, and indeed some manufacturers have been - 
compelled to discontinue the use of the saccharimeters, not because these instruments 
were poor, but because their continual use was not practicable. 

It was to avoid these inconveniences that I applied myself when I invented the 
little ‘‘ Saccharimétre des raperies.” Have I succeeded? Practical experience, on 
which I rely in all confidence, will answer. 

First of all, I wished to do away with every kind of compensator, analyzing circle, 
and other movable optical pieces. The apparatus is thus reduced to three funda- 
mental pieces, viz, the polarizer, the polariscope and the analyzer. These pieces are 
all fixed and therefore cannot be put out of order. 

The light used may be either daylight or a gas or oil lamp. I have noticed, however, 
that the sensibility is greater with artificial than with daylight. The appreciation of 
the critical phenomenon, i. e., of the phenomenon which is to be obtained when theread- 
ing is made, is particularly easy. 

Two black bands are on the field of vision. These are to be brought exactly end to 
end and the reading is then made. 

This phenomeuon is so easy of observation that persons the least accustomed to 
making readings do not show the least hesitation in reproducing them. 

Finally each one uses his usual means of vision. -He who has normal sight does 
not need any aid. Asto myopes and presbytes (long and short sight) they retain the 
glasses to which they are accustomed. The apparatus is therefore always ee for 
everybody. 

The reading is made directly on a scale graduated into hundredths and half hun- 
dredths of sugar. 

The apparatus is nickel-plated and consequently always clean and bright.t 


*Sucrerie indigéne, vol. xxii, p. 329. 
t Apparatus furnished by Queen & Co., Phiadelphia. 
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THE FUTURE. 


I do not believe that the manufacture of sugar from sorghum, as at 
present carried on, will prove financially successful throughout the more 


- northern portions of our country. 


The process of manufacture is imperfect and wasteful. A large part 


_ of the sugar is left in the bagasse and another larger part passes into 


the molasses. 

Not one-half of the sucrose in the juice is usually obtained as crystal- 
lized sugar. 

The future success of the industry depends on the following conditions, 
Viz: Sy 

(1.) A careful selection and improvement of the seed with a view of 
increasing the proportion of sucrose. 

(2.) A detinition of geographical limits of successful culture and man- 


-ufacture. 


(3.) A better method of purifying the juices. | 
(4.) A more complete separation of the sugar from the canes. 
{5.) A more complete separation of the sugar from the molasses. 
(6.) A systematic utilization of by-products. 

(7.) A careful nutrition and improvement of the soil. 


IMPROVEMEN' BY SEED SELECTION. 


I am fully convinced that the Government should undertake the ex- 
periments which have in view the increase of the ratio of sucrose to the 
ether substances in the juice. These experiments, to be valuable, must 
continue under proper scientific direction for a number of years. The 
cost will be so great that a private citizen will hardly be willing to un- 
dertake the expense. — 

The history of the improvement in the sugar beet should be sufficient 
to encourage all similar efforts with sorghum. 

The original forage beet, from which the sugar beet has been devel- 
oped, contained only 5 or 6 per cent. of sucrose. The sugar beet now 
will average 10 per cent. of sucrose. It seems to me that a few years 
of careful selection may secure a similar improvement in sorghum. 

It would be a long step toward the solution of the problem to secure 
a sorghum that would average, field with field, 12 per cent. sucrose and 
only 2 per cent. of other sugars, and with such cane the ereat difficulty 
would be to make sirup and not sugar. Those varieties and individuals 
of each variety of cane which show the best analytical results should 


be earefully selected for seed, and this selection continued until acci- 


dental variations become hereditary qualities in harmony with the well- 
known principles of descent. 

If these experiments in selection could be made in different parts of 
the country, and especially by the various agricultural stations and 
colleges, they would have additional value and force. In a country 


\ 
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whose soil and climate are as diversified as in this, results obtained in ~ 
one locality are not always reliable for another. 

If some unity of action could in this way be established among those 
engaged in agricultural research much time and labor would be saved 
and more valuable results be obtained. 


IMPROVED DEFECATION. 


In addition to experiments made with the ordinary methods of defe- 
cation during the past season, I have tried to apply the nets in use | 
with the beet juice in Europe. 

These experiments were all made in a small way, but I think are of 
sufficient importance to the future of the industry to deserve brief men- 


tion here. | 
EXPERIMENTS IN DEFECATION. 


The method consists essentially in first adding a large quantity of 

lime to the juice and afterwards removing it by the injection of carbonic 

acid. — 

The results of these experiments were most flattering. In many cases 
the coefficient of purity was considerably raised, and in all cases the 
defecated juice was limpid and clear, but of a reddish-yellow tinge. 
This coloration is due to a slight decomposing effect, which the lime, 
even in the cold, has on the anoptose, forming yith it dark and bitter 
decomposition products. This deepening of color, however, does not — 

affect the value of the process for sugar-making, although it would be ~ 
an objection if sirup alone were the object of manufacture. 

A few results will show the workings of the method. 

No. (1).—A mill juice with a coefficient of purity of 61.60, after treat- 
ment as indicated above had this number raised to 69.12. In the same 
' juice the percentage of albuminoids before defecation was 4.22,* and 
after defecation 3.42.* 

No. (2).—A diffusion juice before treatment had a purity coefficient of 
59.67, and after of 59.79. In the same juice the percentage of albu- 
minoids before treatment was 4.06,* and after treatment 3.63.* 

In most cases the treatment of the diffusion juices gave somewhat 
better results. In nearly all cases the relative amount of anoptose to 
sucrose was diminished, showing that a small portion of it was destroyed 
by the excess of lime. 

In general I may say that this eda of treatment succeeds better 
with mill then with diffusion juices, and for the obvious reason that the — 
former have more impurities that can be removed by lime than thep 
latter. 3 ! 

On account of the seeming importance of this method of purification 
to the future of the industry I will give a detailed account of the method _ 
of ag it and of the analyses made in ronnecuon, therewith. - 


= Per 100 of sucrose. 
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BEE1-SUGAR METHOD BY SINGLE AND DOUBLE CARBONATATION FOR 
THE DEFECATION OF SORGHUM JUICES. 


This method consists-essentially in adding an excess of lime to the 
juice, then removing the excess by a current of carbonic dioxide. In 
the method by double carbonatation a portion of the lime 1s first added 
in the cold and the excess removed, and then a second and smaller por- 
tion of lime is added, the juice being kept at the boiling point and the 
excess removed as before, the juice remaining neutral or slightly alkaline. 
The proportion. of lime employed depends upon the character of the 
juice. A number of experiments has been made to determine that pro- 
portion which gives a good, clear, pure juice, easily filtered at a reason- 
able expense both of time and carbonic dioxide. A large number of 
results indicates that for diffusion juices 2 per cent. CaO, and for mill 
3 per cent. CaO, are the best proportions. 

Table No. 1 shows the influence of the lime in raising the coefficient 
of purity. The coefficient of purity of diffusion juice is never increased 
in proportion to that of the mill juice, as it contains much less of those 
substances acted upon by the lime. After the second carbonatation the 
results as to increase and decrease of coefficient of purity were not very 
satisfactory. The lime assumes a combination which prevents its being 
removed by the carbonic acid. This will be again referred to in dis- 
cussing the results given under the table. The taste of the juice after 
the first carbonatation resembles that of the sap from the maple tree, 
but after the second it is bitter and unpalatable. The color was brown- 
ish, due to a slight decomposition of the anoptose. This coloration of 


' the juice could be avoided on a large scale by rapid carbonatation. It 


is easily bleached by the use of bisulphite of lime or sulphurous acid. 

Table No. 2 gives the proportion of anoptose to the sucrose before and 
after defecation. After the first defecation, 7. e., the defecation in the 
cold, the proportion of anoptose to the sucrose is reduced but little, 
though enough to indicate that it is the cause of the coloring of the juice. 
After the second carbonatation, hot, there is a very marked reduction 
in this proportion. The anoptose has evidently combined with the lime 
forming soluble and insoluble compounds; the soluble portion giving 
the deep brown coloration, which the juice acquires at the second def- 
ecation and the bitter unpleasant taste. Its remaining in solution also 
accounts for the total solids not decreasing in proportion to the amount 
of anoptose decomposed. The experiments made, show that the method 
by double carbonatation would not be a success, practically, with the 
sorghum juice, owing to the large amount of anoptose usually present 
in the juices of this cane. But the method by single carbonatation is 
very successful, inasmuch as the juice is not heated in contact with the 


_ Time. 


Table No. 3.—It is seen from the analyses given in this table that 
the lime has a marked effect on the nitrogenous bodies present in the 
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juice. After the first carbonatation about 33 per cent. of eee sub- 
stances have been removed. 

A study of the tables will indicate the advantage which may be ex- 
pected from the application of the lime and’ carbonic acid method of 
defecation to sorghum juices, with such modifications as the peculiar 
nature of these juices require. 

If the experiment could be made on a large scale, I think the practi- 
cal advantage of the process over any other now in use would be at 
once apparent. 


TABLE I.—Increase or decrease in coefficient of purity. 


BEFORE DEFECATION. 
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* Not determined. 
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TABLE I.—Jncrease or decreasa in caefficieut of purity—Continued. 


AFTER SECOND CARBONATATION. 
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TABLE JI.—Increase or decrease in percentage of anoptose—Continued. 


AFTER FIRST CARBONATATION. 


3 eee Zs 
q 3) iS) = oo 
Oo : 2] ~ —) H op 
g eo = Lal oe 
a ) 5) B® Oo 
aa ae pee = a) ao ere 
Character of juice. 2, E @ = 53s 
ca =I + ro) 2 2 DpHO 
Oo =| =| =| Com ow 
a _ 8) © 2 a) 
i) 8 S) ° = a 9 
. om i fai f=) i =| =| 
=) 5 a) 6) =| 5 i 8 
a wn py py <4 A 
Diffusion +... cuss eee ales soe sen oee wae aee a? ee eee eee | 4,92 | 1.39 | 28.25 —1. 41 
DO oe Een a.cecielos om See saeeisine eee Ai kee eee 4.30 | 1.51 | 35.11 +15. 45 
D0 oss eens. 6 os See SU Reece Cee V)| wee oe |) 4628" [LG 2a ees aes +8. 63 
D0 2 cee ae e's «case ada beceeee eee 2 69 4.92 | 1.80 | 36.38 —3. 53 
Deo. eee ee nea cs b. Saabs Saeas Sees 2 69 4,91 | 1.87 | 38.08 —1. 83 
DO 2s eee es Se sont Sedu See eee 3 85 5.20 | 2.01 | 38.65 —3, 37 
D0 he eek oar. oat sees oetse ae eerre oem 3 85 | -4.83 | 1.68 | 34.78 —7. 24 
Dot wie eee 2 cccck daca, Gola en Seem 3 85 5, 72°| 2:26) 39nor —2. 51 
DO eee eee eee ee oa Ue oe ae cee eee ees 4 96 5.39 | 1.29 | 23.93 —2. 35 
Do. fee sae eeeee ods soe oe ie cee ee eee 4 96 5.60 | 1.42 | 25.35 —0. 93 
DO. eee eee nas onc ook oo come eee Eee 4 96 5.92 | 1.45 | 24.49 —1.79 
IDO 3. eee aed e se cease steae eee 5 102 4.06} 1.03 | 25.36 | —15.18¢ 
MG GUICe)y sacar eeneeiise + sce eae ee oh a eae eee 6 145°). Lost. | 8; '91))|cae eee eee 
Diftu sions. ce see ee wale ak wo Rn eee a aera ener ff 146 5.79 | 1.69 | 29.18 —2. 20 
2 1) Pe a a SS ee Wee eR! os 8 154} 11.42 | 3.31 | 28.98 —8. 91 
Diffusion. 5. see oc ce ees. oe. a eae ee eee 9 155 6.47 | 2.63 | 40. 64 —3. 50 
IMD: oi. Sc ete eee eet ole poles aie Bacio bene epee 10 162 | 10.17 | 2.75 | 27.04 —1. 86 
Diffasion 92 Sse eros Oo = Hass sess eae ‘ojaliencn tele oa Hal 163 6.75 | 1.83 27. 11 —5. 48 
AFTER SECOND CARBONATATION. ~ 
= Wee é 6 S 2 © 
| igeie S ea | = 5 oo 
=| = i oO we os 
5 2 3 = Dp noe 
Character of juice. S, g FR = ay HOS 
K = ae} Dal na’ oHO 
Co) =| = =| oF noe 
SH = Oo = = co RRs 
° o o =") D i) 
: “mt Pe a S Bead 
i=) D m5) Oo =| el oj 
A wn == = a A 
DM siON soos eee aslo ee iis os + oo saiamae ee eee je ee Peper roe teisscess c|2ac-e 2c enc 
D012 Soares eee eo cies aise «ac see cets Oe ee eee 2 69. |icc. cc |. er eee renee | eee 
DDO. erase eee mite cis cath cls nw eteete ois elereee 3 i ee EERE oe SS ee os si 
DOe eee ae Niles ose ccn es ine Ce aERe CR Meee 4 96 | 206. 22] FS SS ee ee eee 
DOr ede aaee sae sak hice we Seaiees ee SORE 5 1k) ee RS oe gcicc- 22> 
LPT = Senn cabot Beep seeonse noses odessSee 6 145 8.90 | 1:60 | 19.03 —15. 09 
Diffusion (2 See epee nose nis sass see -eeeoaee eee 7 146 5.49 | 0.69 | 12.56 —18. 82 
51 01 pe es Ses | 8 i Seema eS 8 154 8.71 | 1.08 | 12.39 —25. 50 
Dittasion 62s eee eee ee oe ce oath h cee eepeee eee eee 9 155 6.20 | 0.93 ! 15.00 —29. 14 
IMT 5 ooo. SS ee ie eae oe oS oe anes ee eee 10 162 | 12.05 | 1.13 9. 37 —19. 53 
‘Diffusion \.eo.e seem nis 22 = ces eee arele ce sees 11 163 6.56 | 0. 58 8 84 —23. 75 
REMARKS. 
43 
I 
o 
qi came 
om o | : 
o | 
Character of juice. ee. =| Remarks. 
g/g 
=} 
A RD 
MIM USION .. cose eee aisle see tes > ae 1 i at tes 3 Did not heat to 90° C. to decompose hydro-su- 
cre-carbonate of lime; hence apparent in- 
| | crease in anoptose. 
DO. xctig hips deen eee aoe eo eins Wage 102 | Did not heat to 90° C. 
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TABLE III.—Jncrease or decrease in percentage of albuminoids. 


BEFORE DEFECATION. 


Character of juice. 


number, 


Experimental 

Serial number. 

Per cent. sucrose. 

Nitrogen per 100 of 
sucrose. 


| Albuminoids per 100 
of sucrose 


ENEMIES ee nm we nn ne 3 85 5.52 | 0.418 2. 581 
ne mn eo ee a ee -nee 6 145 9.64 . 0.370 2.314 
pee eer Fee fa = eo -- == = 7 146 5.83 0.813 5. 081 
a eine oa ye ~<a ee a 8 154 9.21 0.675 4, 218 
EE een mc ws on Senne = eee 9 155 5.46 0.650 | 4. 062 
ee gone Se lS <ww sues - See 10 162 10.69, 0.353 2.206 
LESS? oo ee ee een eee S24 Seen Mi 11 163 6.81 0.691 4, 329 
AFTER FIRST CARBONATATION. 
. 3 3 ge = 2% 
3 a x ¥ = G 
a z S -_ ae aie 
Jou |. # Bo ieee sa aS | gas 
ispS iS = aS Saieae =e: T a-m 
Character of juice. cS E 2 *: ooa Se oSa 
==. = = oS 2S & Em fog 
Sie | ee ® aL 2 ee aS s&s 
= SS ae Y = £58: =~ == 
~ | a = = os 2 = os 
P | o (3) _ = — =em BW 
Bod ay a a < Az 
Doig.) oe eee ee | s{ 85] 520] 0.315 0.098 1.968 —0. 613 
LD? ee Sas ® Sit Sdnpheeeee = 0. 360 —0. 053 2.251 | _ —0. 330 
ID {Se Se4 5 SSeS eee 3 | $5 shes esau ee | 0.375) —0.03 2.348 | —0. 233 
ROLL 2224 ee 6 | ya ed Ltr See eA ee ee ae Paes bee 
Lo CHERP.SE, NT 1 ee ea 4 146 5.79 | 0.519 |. —0.294 | 3.248 —1. 833 
nut. = oS Si ye Se ee es 8 | 154 11.42./ 0.485 —0. 190 3. 031 —1.187 
2D SESTSEA 1 is ese Res ea a es 9 | 155 6.47 | 0.579 | —0. 071 3.618 | —0.444 
Te Re es es Ce ak a as Seles 10 162 10.17 0.488 +0. 075 2.740 ; +0.534 
DDtIRT ee eo 1 | 163 6.75 | 0.557 —0.134 3. 481 —0. 841 
| H 
\ 
AFTER SECOND CARBONATATION. 
EOL a aoe a = r a feb) — > 
2 ° aS = & =) 
aS 3 = S Ss Sie 
= z = 5 & 25 | 5m. 
OH 5 5 HS os oe os 2 
a = oo s aS — a= 
a Seay = ae eS hhcue E'S 
Character of juice. mar = fa Ss 608 ee coq 
cas =) ~~ =) ae: == ons 
Syst = = os no a Zee 
=o = 3 we s&s ES ges 
i = =) es S a ie ~ t=) 
“ 5 5 = sf— | 2 eA 
Bie) on = 4 =. a = 
pes i — Sees 
DISTT ses re oat, ME ee 33 Sable. 2h gto ee CERI eG ream fe eee ee a 
Sa ee Ge 8 Pesce os etiomie 6 | 145 8. 90 0. 382 +0. 012 BeBOO. lence aetee. 
HEIN a tee eo taie cere ss bes it 146 5. 49 0.559 —0.254 3.494 +0. 246 
TVET wn baa oa SB ee ee eee 8 | 154 8.71 0.547 —0.128 3. 419 +0. 388 
LE LET a a oy 9/ 155 6.20 0.585 --0.065 3.631) +0.013 
10 oN Ae eee eee ye ie Sr ee eee eet 19 | 162 12. 05 0. 539 +0. 186 3. 371 +1. 031 
ED SESS VEEL 2) ps ten 1d 163 6. 56 0. 571 —0. 120 3. 512 +0. O91 


EXTRACTION OF SUGAR FROM CANE. 


This problem has been discussed in a special report already pub 
-Jished.* 
*The Process of Diffusion Applied to Sorghum Cane. Chem. Div. Dept. Ag. Bulle- 


tin, No, 2. 
om. - 16435 N s——8 
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A MORE COMPLETE SEPARATION OF THE SUGAR FROM THE MO. 
LASSES., : Ree 


My experiments in this direction are just beginning, but I think I can > 
outline their scope. 

As is well known, sugar combines with the oxides or hydrates of the 
alkaline earths, viz, barium, strontium, and lime, to form sucrates which | 
are insoluble in an aqueous solution of sugar. 

Taking advantage of this principle, beet-sugar chemists have been 
working for several years to secure a separation of the sugar from the 
molasses as a sucrate of one of these bases. I have proposed to do the 
same thing with sorghum molasses, and my experiments are now in pro- 
gress. In the sorghum molasses, however, the problem is a more diffi- 
- cult one than with that from beets. 

_ The invertose and anoptose present in such large quantities are liable. 
to be attacked by the base, so that the whole operation has to be con- 
ducted ata low temperature. I cannot yet hazard any prediction as to 
the success with which my experiments may meet. I have already 
gone far enough to corroborate the results lately obtained by the Ger- 
man chemists showing that sucrose can be almost completely precipi- 
tated by lime in the cold. 

I shall continue my work in this direction until I detennine the value 
or worthlessness of the lime process in the extraction of sucrose from 
sorghum molasses, and its effects on the other sugars present. 


UTILIZATION OF BY-PRODUCTS. 


The by-products of the sorghum sugar manufacture are, (1) the seed, 
(2) the blades, (3) the bagasse or diffusion chips, (4) the scums and sub- 
sidence products, (5) the molasses. | | 

The sorghum plant is a true cereal. The secds have starch, albumen- 
oids, oil, sugar, and fiber in such proportions as render them suitable » 
for animal food. The following analyses of the seed, compared with 
those of wheat, corn, and buckwheat, will show the miape which the sor- 
ghum holds among the more prominent: cereals : 


Table of comparative analyses of sorghum seed. 


| Percent. | 


8 crea | Per cent. | Per cent. | Per cent.| nitrogen | Percent. | Percent. No. of 
Cereals. | water. ash. fat. | free ex- aes albumen- analyses. 
| aoe er. oids. 
Ry heat:++-~~ se meer acini eeores- | 10. 27 1, 84 2. 16 71. 98 1. 80 11. 95 260 
eens: So. eevee quae eee <8 | 10. 04 1. 52 5. 20 70. 69 2. 09 10. 46 114 
Baron ws vt Sse eee eS 3.10 1. 80 3. 60 70. 80 2.00 8. 70 *11 
Buckwheat ..--.- Sh een c 12. 60 2. 00 2. 20 64. 50 | 8. 70 10. 00 *8 


*Armsby’s Farmers Annual. 


The importance of this by-product will be more apparent when it is 
remembered that for each ton of ripe canes about 125 pounds of seed 
will be produced. 
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From one acre producing 10 tons of cane 1,250 pounds of seed can be 
obtained. 

If this is compared with the average production of wheat and corn, 
the following table results: 


Pweraive number pounds wheat per acre...2-.-. «2226. 22.5 20-2 wee wenn sone woes 
Average number pounds corn per acre..-.-.- Shi 2) Oe A Say a 2 Sar Sees Ae 1, 456 
Romaassorehum seed, at-10 tons per acre -. 2.2... foscic. asec come eee ee eee eee 


It thus appears that the custom of many farmers which allows the 
seed to rot on the ground is wasteful in the extreme. In the one item 
of seed alone the sorghum cane possesses a by-product which is more 
valuable than the by-products of all other sugar-producing plants com- 


bined. 
THE BLADES. 


The dried blades of sorghum make an excellent fodder. 
The following analysis, taken from the Agricultural Report of 1879, 
page 57, shows the constitution of sorgum blades after complete dry- 


ng: | | 
; Analyses of sorghum and sugar-corn blades. 


= : + s > | = doy = 
a 2 — = =| >) | = n | s + abe hears 
Ppeigeuiecys | ot ep eea se. | 3. e 
an Pa B ° el Fe obese Se | 2+ Bs | oe Ps) 
. Varieties. a rs ro FS, 5 ee cae o & oe wa | ae 5 
~ ~~ =| g i=) ~ | 2 Z (3) (i) S ->) = | yma 3) 
2 i 3 a 7 hag age eee a St ea = Need aig a 
oh ip Gs} = A 3S g =) = S = = 
Seo re se Seah abe he | Be hong 
ee ee ew ot ime toad led. | Oo 
Sugarcorn....| 380 | 116.6 1.48 | 0.54| 5.20| 8.21) 4.54 | 24.77 | 11.34 | 12.65 | 20.83 10.44 
Honduras sor- 1428 | 285.3) 3.29| 1.67 | 6.67) 9.37 2.78 | 21.22 10.43 11.98 18.51 | 14. 08 
goum. | | | 
Early Amber | 399| 97.7| 1.46) 5.03| 7.91/ 858| 3.82 14.49/ 13.14 12.08 17.98 15.49 
sorghum. | | | | | | fae 
| | 


The above percentages are all given for the dry blades. 

The blades are generally left on the stalks in working on a large 
scale, and hence any value they may have must be looked for in the 
bagasse or diffusion chips. | 


THE BAGASSE AND DIFFUSION CHIPS. 


These still contain nutritive matter, but are mostly cellulose. I 
doubt whether they could be utilized for feeding purposes. When 
dried they make excellent fuel, and the bagasse is used in many places 
for that purpose. 

They also make good bedding for animals, and thus are returned to 
the soil in the form of a good manure. This utilization, I think, is the 
most promising from an economical point of view. 

Experiments have also been made with them in the manufacture of 
paper pulp. These have been fairly successful and are deserving of 


further prosecution. 


116 NORTHERN SUGAR INDUSTRY. oa 
THE SCUMS AND SUBSIDENCE PRODUCT'S. 


The scums are rich in albuminoids, and with the precipitates, con- 
tainiug lime, phosphoric acid, &c., make a valuable fertilizer. 

Their composition is shown in the following table, taken from the 
Agricultural Report, 1880, page 134. 


: Lime and : 
Constituents. elay pre- ee Scum. 
cipitate. E 7 
| 
MEOIstire) . Fe eee pare a cto: Se eC Me ee ee eae eens Sore ee OTTER 7.69 5. 72 
ME Neral matienrsoteecse eee oe 5c neh re nice oe eee ee ee er este aa ae 21. 69 | 7.00 14. 30 
Chlorophylandkwaxessnee. 2252 ss eee oe ST Re SE oe oh ds EAE 17. 60 8. 95 14. 44 
UPSATS 6. SoS Ree ae oe is WWE SESE a eee th) he cee ee 10. 80 43. 96 15. 06 
Resins: et eee et ete one SER Seis 3 oie TE Be | 3. 61 | 3. 26 5. 08 
GETING) st * 5 2 a re en ee ea es ec ee) oe Vat 6. 02 11. 40 11.10 
VAUD MI OG Sis See ee ef Ae ee ee ae cc eae | 25. 58 4.55 8. 05 
WMG StSrmiied pepe cee ee cee SE ee a ne es ye et 2 SO | Dae 12. 71 5. 58 
Crude fb SI Cereal nei RR oe a eS Ua | Pe) 0. 48 5. 49 
Wotarch. ISOMERS see eMer eek. A eee a eee ee i eae Trace. ° Trace. 15. 18 


These substances vary greatly in their composition, according to the 
kind of defecation practised. 

The scums and precipitates should be dried a exposure on a cement 
floor to the action of the sun’s rays. 

The dry residue is ground to a fine powder and applied like ordinary 
commercial fertilizers. : 
. MOLASSES. 


There is still another factor in the sorghum problem which must not 
be lett without attention. If the production of sugar from sorghum 
should prove profitable, it is certain that the industry will rapidly spread, 
and the production of sugar increase until it equals the demand of the 
country. The history of the progress of the beet-sugar industry in 
France and Germany teaches us that this will be the event which is 
certain to occur. When this happens the product of molasses will be 
enormous, far greater than the demand of ordinary consumption will 
dispose of. On account of the large percen:age of uncrystallizable sugar 
which the sorghum juices now contain, the yield of molasses in the man- 
ufacture will be far greater than with the cane of the tropics or the beet 
of the temperate zones. 

As I have already shown, the proportion of unerystallizable to crys- 
tallizable sugar in the socelin juice is about one to three. This sugar 
prevents nearly an equal weight of sucrose from crystallizing. 

By the methods in use at the present time a yield in dry sugar of three- 
fifths of the total sucrose present in the juice is an exceedingly gratify- 
ing one. It follows, therefore, that the weight of molasses produced 
(including the water) will remain nearly double that of the sugar in the 
most favorable of the present circumstances. It is idle to suppose that 
such quantities of molasses can find their use for culinary and table 
purposes. The only remaining uses to which the molasses can be put 


we 
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are food for animals.and distillation. ‘There is little doubt but that the 
conversion of the sugars in the molasses into alcohol will prove far more 
profitable than feeding them to stock. 

A much greater increase in sorghum production throughout the 
country will result in the use of molasses on a large scale as a source 
of alcohol and rum. | 


PRODUCTION OF ALCOHOL. 


I will give an illustration to show the theoretical yield of alcohol in 
order to furnish data for calculations of the yield on a large scale. 

Molasses, after the second or third crystallization, contains about 32 
per cent. each of sucrose and non-sucrose, in all 64 per cent of ferment- 
able matter. | 

Under favorable conditions the Sugar present will yield 40 per cent. 
- of its weight as alcohol, or 25 per cent. of the weight of molasses: 
One gallon of molasses, therefore, weighing 11 pounds, would give 2.75 
pounds absolute alcohol and 3.03 pounds 90 per cent. alcohol. Thus 
each gallon of molasses would give nearly half a gallon of commercial 
alcohol. 

Alcohol can also be obtained from the juice of the cane, as the fol- 
lowing experiment in fermentation will show: 


FERMENTATION OF THE JUICE. 


One-half car of sorghum juice, defecated by heat alone, was pitched 
on October 1 with 10 cakes Gaff, Fleischmann & Co.’s pressed yeast 
and placed in crystallizing room at 40°C. The next day there was a 
slight fermentation, and the juice had become very acid. The temper- 
ature was evidently too high. On October 3 there was a partial blanket 
of yeast, which, on the next day, was complete, with a violent fermenta- 
tion; temperature, 33° C; density, 9° B. On October 6 the fermenta- 
tion had apparently ceased, the car was removed, and the contents dis- 
tilled. ‘The liquid contained still 4 per cent. of glucose and nearly 1 
per cent. of acid. The distilled liquor varied from 20 to 3 per cent. of 
alcohol. It was redistilled, treated with bone-black and lime, and fur- 
nished 43 litres of alcohol, sp. gr. .9477, 23° C., and 34 litres .9855, 
23° C. 

The original juice amounted to 21 gallons, or 80 litres, from which 
about 1.8 litres of absolute alcohol was obtained, or 2.05 per cent., and 
this under very unfavorable circumstances of fermentation and distilla- 
tion. The original juice, it may be added, contained about 13 per cent. 
of total sugars, which would yield theoretically 5.5 per cent. of the 
weight of juice in alcohol or 4.4 litres. The yield was therefore less 
than-half of theory. 

I hope that by means of barium, strontium, or lime the contents of 

sucrose in sorghum molasses may be greatly reduced, but from the na- 


= 
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ture of the plant there will always be a large produciion of molasses: 
even if the sucrose be entirely separated. : 

The distillery and sugar factory will naturally fall together ion the 
industry grows to a sufficient magnitude, as they have already done in 
Europe.* ! 

I am led to believe, from a careful study of the preceding investiga: 
tions, that the northern sugar industry is yet far from being established 


on a basis of economic success. Of the two chief sources of northern 


sugar the beet appears to have the advantage over the sorghum plant, 


and I shall not be surprised to find its successful culture inaugurated — 


in localities suitable to its growth before all the conditions upon which 
profitable sorghum-sugar growing depends shall have been established. 
It is not to be inferred that any partiality has been shown sorghum in 
the investigations which I now transmit to you, because nearly the 
whole of the matter is derived from researches on the sorghum plant. 


This has arisen because the division of which I have charge was espe- 


cially engaged in the line of research, and from the fact that the con- 
ditions which afford success to beet culture and sugar manufacture 
have already been well established by European investigations, while 
many of the chief problems connected with Soren culture are still 
almost untouched. 

* Since the alcohol made from molasses is scarcely suitable for a beverage, but is fit 


only for use in the arts, it would prove a great encouragement to the sorghum and 
sugar beat industries to allow its distillation free of tax. 


<a) 


ISOTHERMAL CHARTS. 


The following charts have been prepared for this report by the Sig- 
nal Office of the U.S. Army. I desire to thank General Hazen and his 
assistants for the valuable services they have so freely given. 

First are given charts of the mean temperature of the several months 
from March to November. Isotherms, which promise to be of peculiar 
interest in the sorghum industry, are marked in heavier lines. The 
careful student of the sugar industry will be struck with the irregularity 
of these lines, and especially as they approach the Pacific coast. 

The great deflection southward, caused by the Hastern mountain 
ranges, will also be carefully noted. 

Following the charts for the several months is found one which gives 
the mean summer temperature for the three months of June, July, and 
August. By almost unanimous consent, those who are interested in 
sorghum as a sugar-producing plant have assigned the isotherm of 70° 
F. for the summer as the northern limit of successful sorghum culture, 
while the growers of the sugar-beet look for their greatest success north 
of that line. The track of this line, therefore, across the continent will 
be traced with interest. It will be seen that the great corn-producing 
regions of the Northwest lie almost wholly south of this line. Its direc- 
tion from West Virginia due north almost to Buffalo is a very striking 
peculiarity of its course. In most seasons sorghum in some of its varie- 
ties can be grown to maturity south of this isotherm. 

While the isotherm of 70° for the summer months is of greatest in- 
terest to sorghum growers, the manufacturer will devote more atten- 
tion to the lines of 65° for September and 55° for October. The season 
for manufacture must include these two months, and perhaps also No- 
vember. The most important line on the November chart is that of 40°. 

I should have added one more chart, viz, one showing the mean posi- 
tion of a line constructed from the isotherms of 65° for September, 55° 
for October, and 40° for November. Such a mean line, in my opinion, 
would mark out very nearly the northern limit of successful manufacture 
of sugar from sorghum. Any one interested can get a good idea of the 
position of this line by studying together the three charts above men- 
tioned. 

No attempt has been made in these charts to introduce the question 
of rainfall. Hast of Kansas this is not one of great importance. Over 
limited areas of the corn-producing region the crops are often injured 


a 


by drought. But generally a sufficient rainfall can be expected for the 4 
needs of a plant as hardy as sorghum. a 
West of central Kansas the question of rainfall is as impale as 
that of temperature. Irrigation is already showing its valuein thearid 


regions of the West, and there are many reasons for expecting to see 


areas now almost fate of vegetation become valuable sugar plantations 
under its influence. 

A more extended description of the charts is not necessary. Their 
value will be found chiefly in the method of study by which they are 
interpreted. This method will depend largely on the local cireum-— 
stances of the sugar grower and manufacturer. 
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